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PREFACE 


This book has been written in the interest of the cross-eyed child. 
The strabismie child is invariably neglected until he arrives at such 
an age that his condition is incurable. 

The objeet of this book is to impress upon the publie, the general 
practitioner and the oculist, the importance of early definite treat- 
ment of these cases, and to warn them of the evil that '*watehful 
waitine’’ brings to this afflicted class. 


I have presented the Etiology of Strabismus at length in er that 
the student of squint may obtain a broader view of TN jeðt 
I have presented the chief operative procedures wiy ae 


endeavoring to give without bias their merits, mee and defects, 
as seen in my practice. Finally, I have present ecurately meas- 
"ted. 


I wish here to express my great apprge 1 for the invaluable 
assistance rendered me by a number ns in the way of re- 
search, proof-reading, typing, and NI and partieularly to the 
artist for the illustrations. 


ured operative procedures, with results to be 
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CHAPTER I 
HISTORICAL REMARKS ON STRABISMUS 


So disfiguring a defect as strabismus did not escape the attention 
of the very earliest medical writers. Only a mere mention of the 
condition is to be found however, and no special treatment is recom- 
mended, as it was considered a permanent defect—an affliction or 
punishment sent by a displeased deity. 

Hippocrates! noted the paralytie type in certain nervous conditions. 
He also observed the eomitant variety, and considered that it was due 
to epilepsy, or that it was an hereditary taint, observing that a parent 
with a eross-eve often had a cross-eyed child. 

The next step in the history of squint was made by Galen? who, in 
131-210 A.D., gave a fairly good description of the ocular muscles, as 


follows: 


“There are two (muscles) on the sides, at each canthus one, and 
two others, of which one is above, the other below. At a point Where 
they run out into tendons. all four together form a comp aye 
a broad tendon which terminates in the region of the c) Ke Body. 
Moreover, as it was well to have the eyes capable of ro Oe nature 
added to the others (the reeti) two obliques.”’ 


It was left for Fallopius in the sixteenth contin eive us a more 


accurate description of the extra ocular musgle 


advised the use of a mask placed over tI% face, with small perfora- 


T^ 


Paulus Aegineta, a noted Greek medical \ r*(seventh century), 


tions over each eye. He had an idea Dr en might in some way in- 


duce the patient to look through se small apertures and thus 
straighten his eyes. Ambroise Pat e most celebrated French sur- 


geon of his day (1509 A.D.), NN Aeoineta’s idea and had masks 


N ations. (Hig. 1.) 


eetive position of the child in the cra- 


made of horn with central p 


Paré attributed squint 
dle, or to imitation of th 
held by the laity. + 

Antoine Maître- 1707, states that some authors claim that 
** malposition NU erystalline lens is the cause of squint, while oth- 
ers NS auses imaginary vices of the visual spirits. Some 

b 


claimed the is due to contraction or spasm of the ocular muscles," 


urse or companion; ideas which are still 
, 


r muscular theory began at least as early as 1707. This 
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HISTORICAL REMARKS ON STRABISMUS 
So disfiguring a defect as strabismus did not escape the attention 
of the very earliest medical writers. Only a mere mention of the 


condition is to be found however, and no special treatment is recom- 
-an affliction or 


mended, as it was considered a permanent defect 
punishment sent by a displeased deity. 

Hippocrates! noted the paralytie type in certain nervous conditions. 
He also observed the comitant variety, and considered that it was due 
to epilepsy, or that it was an hereditary taint, observing that a parent 
with a eross-eye often had a cross-eyed child. 

The next step in the history of squint was made by Galen? who, in 
131-210 a.p. gave a fairly good description of the ocular muscles, as 


follows: 


“There are two (muscles) on the sides, at each canthus one, and 
two others, of which one is above, the other below. At a point gvhere 
they run out into tendons. all four together form a comple irele, 
a broad tendon which terminates in the region of the ciN ody. 
Moreover, as it was well to have the eyes capable of rotagfye,. nature 
added to the others (the recti) two obliques.’ 

It was left for Fallopius in the sixteenth century OP ive us à more 
accurate deseription of the extra ocular muscl 


Paulus Aegineta, a noted Greek medical M(seventh century), 


advised the use of a mask placed over tl with small perfora- 
tions over each eye. He had an idea tha is might in some way in- 
duce the patient to look through C small apertures and thus 


á | most celebrated French sur- 


straighten his eyes. Ambroise Pay 
MNeeineta's idea and had masks 
jions;- Chuo 15) 


geon of his day (1509 4.p.), tgo 
made of horn with central rw 
Paré attributed squint eetive position of the child in the cra- 
dle, or to imitation of Ia or companion; ideas which are still 
held by the laity. + 
Antoine Maitre- ey 1707,* states that some authors claim that 
‘“malposition et? crystalline lens is the cause of squint, while oth- 
ers maintai Wives imaginary vices of the visual spirits. Some 
claimed hae is due to contraction or spasm of the ocular muscles,”’ 
so we seexQir muscular theory began at least as early as 1707. This 
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same author discourses on refraction and mentions the fact that ob- 
jeets look larger to patients who squint. (Accommodation theory of 
Donders.) 

Prior to the early part of the eighteenth century the treatment of 
squint was of no more avail than that recommended by Hippoerates, 
Galen, and Celsus. At this time, from 1727 to 1737, appeared the 
bombastie John Taylor, an itinerant oculist, of Norwich, England, 
who first introduced his operation in 1727. He traveled through 
Europe ‘‘curing’’ squint by cutting the conjunctiva at the inner can- 
thus, occluding the good eye to cause the use of the squinting one. 
In the Mercury of France for June, 1737, there is the following an- 
nouncement : 

“Dr. Taylor, oculist to the King of Great Britain, has just arrived 
at Paris at the London Hotel, rue Dauphine, where he proposes re- 
maining till the beginning of July, after which he will leave for 


Fig. 


rabismus mask, or spectacles, employed by Am Paré. (From The 
American Encyclopedia of Ophthalmol&gfig) 

Spain. He requests us to publish the dig ies he has made, of 
straightening squinting eyes by slight a most painless operation, 
and without fear of accident.’’ ae 

There is evidence that he did X straight by operating, but 
what he really did will remain &mystery. 

We take the following dese on of Taylor’s operation as given 
by Lucien Boyer,* who 19 ; an address of LeCat's of Rouen: 


**' his refined and an man came to Rouen * * * and within 
a few days S ANN ofject of general admiration. He had an 
arsenal of superb 1 Nile and handled them with great dexterity. 
He showed pofo ‘il led with authentic and highly commendatory 
credentials. NgeJioor to his hotel was guarded by soldiers and it 
was a NE one to have an introduction in order to visit him. 
His n C were done in the midst of a brilliant circle of select 
persons (C 
Ne wreat operation, the most marvelous of all, was that by which 
RS sed to straighten squinting eyes. His method was as follows 
N needle of silk he caught a portion of the conjunctiva of the 


op of this silk, he used it to draw toward him that portion of the 


ene eye at the inferior part of the globe, and having made a 
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conjunctiva which it included, which he cut with the scissors; then 
he applied a plaster to the sound eye; the squinting eye at once 
righted itself, and every one eried out, ‘A miracle.’ 

“I availed myself of the freedom which he accorded me to inquire 
the motive for an operation which appeared to me to be absolutely 
useless, not to say dangerous. He replied that an eye only squinted 
because the equilibrium between its muscles was destroyed, and that 
to reestablish this equilibrium it was necessary only to weaken the 
muscle which dominated the others and that this is what he did in 
eutting one of the nerve filaments which was distributed to this 
powerful musele."' 


Stevens? states: 


‘Whatever may have been Taylor's method, whether he divided 
the superior oblique as Heuerman asserts, or the inferior oblique as 
others state, whether the brilliant and elever man deseribed by LeCat 
really only eut a fold of conjunctiva, it is certain that Taylor's work 
had no influence in introducing the surgical method of treatment to 
the world. If he divided one of the oblique muscles as he was sup- 
posed to do, he did not correct the squint, and if he simply divided 
the conjunctiva and some supposed nervous filaments which were as- 
sumed to supply a muscle, he still did not eure the squinting. There 
remain two possibilities: First, that the secret of the whole opera- 
tion lay in the fact stated by LeCat; he covered the sound eye with 
plaster; the squinting eye became straight, and the people eried, ‘A 
miracle.” Second, and it is much more probable, however, that he 
eut the internal rectus, but that he did not confide too ot his 
not-well-informed erities."' oe 


squint was 
(t eye and force 
vision and aid in 


An event of historical importance in the treatme 
the recommendation of Buffon,® 1743, to cover the 
the use of the squinting one, and thus improve 


the eure of squint. lle also recommended se of glasses in cer- 
tain conditions; thus he might be said to | béen the first to inaug- 


urate the two most beneficial and mos®frequently used nonsurgical 
aids in the treatment of squint; i.e., Kling the good eye and bring- 


ing up the acuity of vision in the one, and the use of glasses; the 
latter so masterfully brought fo d by Donders and perfected par- 


ticularly by American opht p fists. His remarks are so signifi- 
cant and important that YÀ Wall quote them at length: 


*^One ordinarily uy es this effect (squint) to a defect of the 
correspondence betwe he museles of each eye; the difference of 
the movement of iGmuscles, which, not acting in concord, produce 
the false direct} N sauintreyesi "to ot 

SM de la , and many others after him, have thought that 
squint is qoQNeased by the defect of equilibrium or of correspond- 
ence beya the muscles, but that it arises from a defect in the ret- 
ina; tl NS ve elaimed that the side of the retina which responds to 
the Xemity of the optieal axis was much more sensitive than all 
the stJof the retina; objects, they said, impressed themselves dis- 
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tinetly only on this most sensitive part, and, if this part is not found 
te correspond exactly with the extremity of the optical axis, in one 
or the other of the eyes, they turn aside and produce squint, by neces- 
sity where one will have to turn them in such a manner that their 
optical axes ean get at this more sensitive and ill-placed part of the 
retina. But this opinion has been refuted by many physicians and in 
particular by Jurin. Indeed, it seems that de la Hire has not paid 
attention to what happens to squinting persons when they close the 
good eye, for then the squinting eye does not remain in the same 
situation, as it should if that situation was necessary for the extrem- 
ity of the optical axis to get at the more sensitive part of the retina; 
on the contrary, this eye rights itself in order to aim directly at the 
object and try to see it; consequently, the eye does not turn aside to 
find this part claimed to be the most sensitive of the retina, and one 
must search for another cause for the defect. = 

‘‘But the most general cause, the most ordinary, of squint, and of 
which nobody that I know of has made mention, is the inequality of 
strength of the eyes. A small degree of inequality will cause an 
object seen by the stronger eye to be as distinctly perceived as if it 
had been seen by both eyes; a little more inequality will render the 
object when seen by both eyes, less distinct than if it were seen by 
the stronger eye alone; and finally, a great deal of inequality will 
render the object seen by both eyes so confused that in order to see 
distinetly one will be obliged to turn the weak eye, and put it in a 
position where it cannot hinder. * * * 

“But, some will say, it is not positive that the inequality of the 
strength of the eyes must produce squint, for squintike people can 
be found whose eyes have equal strength; moreoy is inequality 
does in truth spread confusion of the objects, but AlNgS*confusion need 
not make the weak eye turn aside, for, fromanNJchever way it is 
turned, it always receives other images whic¥yduld hinder it when 


one regards directly. 
‘‘Besides, I do not claim that the ineqt of the strength of the 
yt ler 


eyes is the only cause of squint—I sa that 1t 1s a eause, the 
effeet of whieh is necessary, so tl is perhaps not possible to 
eure a person of this defect wos Pe have too much unequal 
strength. * x 

‘But when the eyes, althougKf unequal strength, have not, how- 
ever, the degree of een dh deat we have determined by the for- 
mula above, one ean finc medy for squint; it seems to me that 
the most. simple, the, 1 tural and perhaps the most efficacious 
of all the methods f over the good eye for a time; and the de- 
formed eye would liged to aet and to turn itself towards the 
j this movement habitually in a short while.— 
use of this on a patient, the degree of the inequal- 
ity of thess@apeth of the eyes must be ascertained, because it w ill 
x bes sful except in eves that are only a little ünequal-5 *.* 


E zx 
K AN 


x [euge then see how anyone ean find a remedy for erossed eyes 
are erossed beeause of their too great inequality of strength 
ANS perhaps be able to eure by beginning with covering the 
ve for some time, in order to give to the bad eye the direction and 

AI (NY force w ced the HEURE a hab may have served to E it of, 


HISTORICAL REMARKS 23 


shall be plain, and before the good eye convex; insensibly, this eye 
would lose some of its strength and consequently would be less able 
to aet independently of the other. 

‘Tt is evident from all that we have said above, that one cannot 
squint with both eyes at the same time—but there are some persons, 
who, without squinting both eyes at the same time, sometimes alter- 
nately squint first one eye and then the other—I do not believe that 
cne ean remedy this defect, except by wearing glasses, of which one 
of the lenses should be convex and the other eoneave, in proportion 
to the strength or weakness of each eye; but one would need to have 
more experience in this than I have, to be sure of any success * * * 

‘‘ Before ending this Memoire, it is well to observe one thing essen- 
tial to the judgment which one should bring to the degree of inequality 
of strength of the eyes of squinting persons; I have found in all my 
experience, that the squinting eye which is always the more feeble, 
gains strength by exercise, and that many persons whose squint I 
judged incurable because in the first tests I found too great a degree 
of inequality, having covered the good eye for a few minutes only, and: 
having consequently been obliged to exercise the bad eye during this 
short time, they were themselves surprised at the amount of strength 
the bad eye gained, so that in measuring, after this exercise, the range 
of this eye, I have found it more extended, and have judged the squint 
curable; so in order to pronounce with some measure of certainty on 
the degree of inequality of the eyes and on the possibility of remedying 
the defect of squinting eyes, it is necessary first to cover the good 
eye for a time, in order to oblige the bad eye to exercise ag gather 
up all its forces, after which one will be better able to Tae ' cases 
where one can hope that the simple remedy which | proposed 


may succeec 

Erasmus Darwin’ indorses the idea of Buff “a t E is due to 
defeetive vision in one eye. He says: 

'One eye being less perfect than the of n which account the 


patient endeavors to hide the worst eye he shadow of the nose 
that his vision by the other may not confused.”’ 


He also gives us the cover or pad atment as follows: 


‘If the squinting has not bee rmed by long habit, and one eye 
be not much worse than the XQ piece of gauze stretched on a circle 
of whalebone, to cover the ye in such a manner as to reduce the 


distinetness of vision of * eye to a similar degree of imperfection 
with the other, shou vorn some hours every day, or the better 
eye should be totally &efened by a tin cup covered with black silk for 


some hours daily, á 


About this tj Nenon, 8 in 1806, gave us that most comprehensive 
anatomy S Ghorvit, and in particular the description of the capsule 
which Ss: lis name, and this information without doubt has had 
[wr NS with subsequent treatment of squint. 

irst definite surgical effort in the treatment of squint was made 


jN first third of the nineteenth century; Delpech’s operation of 


2 
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dividing the tendon of Achilles in 1816 might be called the fore- 
runner of tenotomy. In 1827 Anthony White suggested the cure of 
squint by means of a tenotomy. Pauli, of Landeau, was probably the 
first to attempt a tenotomy of the internal rectus on the living, as rec- 
ommended by Anthony White. This was a failure. The operative 
procedure was more fully described by Stromeyer in 1836 in his treatise 
on Subcutaneous Orthopedics, but for want of eourage or opportunity 
he never performed his operation on the living subject. The first 
authentie tenotomy for relief of squint was performed by Dieffenbach, 
of Berlin, on the twenty-sixth day of October, 1839. Dieffenbach per- 
formed on the living subject the operation that had been performed 
on the eadaver by Stromeyer. 

The following graphic description of Dieffenbach’s tenotomy of an 
ocular muscle for the relief of squint is given by Howe :° 


“The head of the patient, a boy of seven, being fixed against the 
chest of one assistant, and the lids being held apart by hooks in the 
hands of a second assistant, thereupon I pushed a third hook through 
the conjunctiva, at the inner angle of the eye and quite through the 
deep cellular tissue there, and that hook I gave to a third assistant. 
Then I struck a fine double hook into the sclerotic at the inner angle 
of the eye, and holding it in the left hand, drew the globe as far out- 
ward as possible. I incised the conjunctiva, close to the globe where 
it is spread out at the inner angle of the eye. Going«deeper, I dis- 
sected the cellular tissue from the ball, and then diyf] the muscle, 
with a pair of fine eye scissors, close to the globe."' 


Dieffenbach’s first and second operations CQiiescribea in the 
Medizinische Zeitung, November, 1839, as follgWs 


* Cutting through the conjunctiva and XO ting the connective tis- 
sue, then dividing the internal rectus e, using scissors, close to 
its insertion. The eye was immedi /'Nlrawn outward by the ex- 
ternal rectus, as if it had receiv at@lectric shock; and in another 
instant became straight. kN 

** In his second ease the REPEAT Y 


x 


was performed as in the last case, 


the eonjunetiva being eut t igh and the selerotie laid bare to the 
extent of four lines, in or bring the musele into view, whieh was 


eut with a curved NO before.’’ 
P. Bennett tease eribed his method of operation as follows: 
e 


‘< After dividGey conjunctiva and the connective tissue to the 
desired extent, 0e blunt hook being inserted beneath the muscle, the 
operator tm Gprs it to the left hand, and having brought the tendon 
into view divides it with a sharp pointed pair of scissors as close 
to its i ‘ on as is compatible with the safety of the sclerotie."' 


NN a little dissection the muscle is seen just as it ends in its 
Q adon, and with a pair of scissors it is cut across close to its inser- 


ston™ gives his method of tenotomy as follows: 


iðn into the selerotie."' 
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One observes that these procedures are not unlike the tenotomies 
as practiced in many of our American clinics at the present day. As 
Stevens suggests, however, it is hardly possible to have done a very 
elose tenotomy with the instruments used at that time. Fig. 2 taken 


from Mackenzie," 1855, would indicate that the muscles were severed 
and not the tendon, as is practiced at the present day. 


**The operator now takes the blunt hook in his left hand, and carry- 
ing the handle of it towards the temple, with the scissors he im- 
mediately divides, in ordinary eases, the tendon of the musele from 
below upwards, and nearer the caruncula than where it is over the 
hook, as is represented in Fig. 2. 

‘‘In this manner of operating, the muscle will most frequently be 
divided just where the tendinous part meets the fleshy fibers. 


(lly 
Fig. 2.—Mackenzie’s method of tenotomy. (F Mackenzie, On the Eye.) 


** [f the distortion is slight, the han may be carried over the nose, 
and the tendon divided nearer thezeorYfea than where it lies over the 
hook, and close to its insertion." 


Notwithstanding the abow 
when we consider the dNNS 
peated statement, ‘‘C 


arks and the accompanying eut, 
y of the operators and read their re- 
se to the sclerotic,” we would infer that 


the first tenotomies Web tenotomies proper, and not myotomies, in 


that they eut Oy" ‘close to the selera." In their zeal to get 


more effeet, the MC 
e 


back on the 


* 
ANN j Says: 


“Tf t Ytonjunctiva be divided over a greater are and toward the 
back, Af the globe, if the cellular tissue be extensively separated and 
Ny scle be detached far back and divided at its middle, then the 


h began to eut wider into the eapsule and farther 
Dieffenbaeh himself was one of the first to do a 
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eye, even in cases in which the whole cornea was hidden in the in- 
ternal angle, stands quite straight after the operation."' 

This cutting of the belly of the muscle and the complete detachment 
of the muscle and capsule were attended by such glaring deformities, 
consisting of external deviation, sunken caruncle, and exophthalmos, 
that this operation for squint came into bad repute. 

About this time A. von Graefe admonished his colleagues to adopt 
a more conservative procedure. He described his method of operat- 
ing, which differed very little from the original method of Stromeyer. 
He advised opening the conjunctiva closer to the cornea, making a 
small opening, and doing a tenotomy as near the sclera as possible 
and using afterward a conjunctival stitch. This operation is exten- 


sively practiced today. (See Chapter XI.) 


Fig. 3.—Von Graefe’s Faden operation. MUS s Ophthalmic Surgery.) 


These defects of tenotomy caused a operation to be developed 
—that is, a strengthening of the wea nvsele. "This was first under- 


taken by Dieffenbach to relieve a& external deviation produced by a 
myotomy done by himself in iQ however, this was not a success. 
Guerin, of Nancy, in 1849, g a more practical procedure. This he 
applied to a case of secon ' squint. 


ce 


The more accurate NO» on of an advancement operation was by 
A. von Graefe in e 
Mea € 
(Fig. 3.) 


The same year" G. Critchett, of London, deseribed his three-stiteh 


This was his famous ‘‘Faden operation.’ 


operation, QN hich Beard has said, (might be called the parent of 
Bere m >is cancement operations." In 1897 Landolt made some 
ents 


ANN on Critehett's advancement, and his operation, with 


SIT MEME is extensively practiced at present. Almost every 


lvancement operation since has been more or less a modification of 


itehett's or Landolt's. (Sce Fie. 4.) 
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From this date up to the present time there have been devised many 
ingenious methods of shortening the weaker muscle and making it 
cope with the overacting one, and this has been done by muscular 
advancements (Critchett, Landolt, Weber, de Wecker, Prince, Ver- 
hoeff, Worth, et al); capsular advancements (Knapp, de Wecker, 
Parinaud, Fox) ; reseetions (Vieusse, Schweigger, Prince, Reese) ; reefs 
(Savage, Valk, B. Harman, et al.) ; and by tucks (Todd, Bishop, Bruns, 
Clark, Briggs, et al.), but in one and all of these was the element of in- 
exaetness in the preoperative measurement of the squint, and want of 
proper gauging of the operation, and hence a variance of the end- 
results obtained. Then to obtain results there was the partial tenotomy 
and advaneement—a combination of operations, both of which -were 
inaeeurate and left just as much to be guessed as heretofore. 

It was this element of inexactness and want of definite measure- 
ments whieh prevented ophthalmologists from operating on children 


< 
e 


Fig. 4.—Critchett’s method of advancement. Tissue SQ sutures introduced 
Oo 


ready to tighten. (From The American Emncyclopec Ophthalmology.) 


at an early age before the vicious habits CY ormed and before it 
TOC 


was too late to secure the aid of nature AN ring that all-important 
funetion, binoeular vision, or fusion 
obtaining and maintaining straighjegyes. 

Parimaud'? states that myoto Ch ete by Dieffenbach, 1839, 


e two images, to aid us in 


constitutes the dominant EN Jhistory of squint. Of this he says: 


“This historie importa M for two quite different reasons; myot- 
omy, at the same tii it has inaugurated the truly efficacious 
treatment of squint, VasJeompletely falsified the ideas of its nature. 

'"Myotomy has faisified the ideas by giving a base, apparently solid, 
to the muscular G: of squint, which is the fundamental error on 
which we MADE until recent years. Without doubt, it has al- 
Ways been QNI sed that a muscular trouble was the cause of the 
NN since de la Hire and Buffon, there has been a tendency 
(C 


to expN uint as a functional trouble, not a mechanical one."' 


TI we see that while the friends of Dieffenbach were following the 
na ul %endency of trying to remove the supposed cause of squint by 
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cutting the supposedly offending muscle, there were other theories, 
some yet unborn, which were destined to take their part in the etiology 
and treatment of squint. De la Hire and Buffon saw some other cause 
than the overacting muscle or a weak external muscle. De la Hire saw 
a defeet in the retina. May we not say the seed of the fusion theory, 
which was yet unknown, was here sown? And Buffon saw in 1743 the 
inequality of the two eyes and even recommended use of glasses, 
though admitting he did not yet know how to advise their use. Here 
we see the theory of hypermetropia as an etiologic factor and glasses 
as a means of cure which was later brought forward by Donders. 

Bohm™ observes that ‘‘Squinters ean distinguish a certain print 
with the aid of convex glasses at a greater distance than with the 
unaided eye’’—and came near the discovery of the relation between 
hypermetropia and squint. 

Von Graefe!'? observed that there was a disturbance of accommoda- 
tion, and this caused an ''irregular contraction upon the affected 
musele,"" and he also observed certain cases in which ‘‘ pathologie con- 
vergence occurred only with accommodation for near objects." He 
recognized that the accommodation and convergence and the refrac- 
tion all had some relation to certain cases of squint, but it was left 
for Donders to definitely explain these relations—which he did in his 
classic Anomalies of Accommodation and Refraction, a He here 
establishes a definite relation between squint and etropia pa 
its connection with convergence. We quote from oe ers as follows: 


“If we now inquire whether the cause of<swunt was ever before 
sought in hypermetropia, this question mqs answered in the nega- 
tive." S 

In this statement Donders "o unees himself the author of 
this theory. His work can be saig to the second great step in the 
| etiology and treatment of y A to this day his teachings have 
| probably more followers thaga,anV O 
| In 1873 Krenchel'* firs Qi 

convergence,” and Qp 
After him Hansen aN 


vergence, and go the muscular theory. Mules and Berry sus- 


duced the expression, ‘‘ Innervation of 


ww )this to the theory of muscular defect. 
isisted upon the róle of innervation of con- 


tained the sam 
| Von ee 10ted the insufficiency of the ocular muscles as a cause 
| of ar did not stress the nervous relation to it. Javal made 
| QS 'ations and did much study in an effort to elueidate this 
th NN ut it was left for Parinaud to more fully express the ''error 


innervation of convergence"! as a cause of squint, and his ideas 


Convergence and Insufficiency of Divergenee.’’ 
e " e 


A more clearly expressed by Duane, under the subject of ''Excess 


Jg 
S 
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About the same time that Donders was so ably presenting his theory 
of the cause of squint and his treatment by the use of glasses, there 
developed another idea as to the etiology of squint; the so-called fusion 
theory of squint had its origin. De la Hire prepared the soil in the 
eighteenth century; Buffon sowed the seed; Javal, that indefatigable 
worker, and after him Parinaud, who first of all comprehended the 
entire nervous relation of squint, tilled the ground and brought forth 
the fruits of the fusion theory, which was so ably harvested and pre- 
sented by C. Worth and is at present known as ‘‘Worth’s fusion 
theory.’’ 

Of Javal’s work, Parinaud said :'? 


“The stereoscope had just been invented by Wheatstone, in 1835, 
and Javal was the first one to apply it in the eure of squint. His idea 
was to teach the eyes to work together so that they would get their 
tendency back to associate their movements. 

“He made a careful study of the condition of the amblyopie eye. 
He found that the amblyopia is not equally distributed on the retina; 
the peripheral parts are nearly normal, while the center or yellow 
spot is the real foeus of the affection; therefore, we might say that 
an amblyopie eye sees only with its periphery; its acuity of vision 
after correction, 1/60 to 3/60, is in accordance with this. Therefore 
it is clear why the eye wanders around when the better eye is covered ; 
it has lost its tendency to fixate because the funetion of th« yellow 
spot is replaced by that whole periphery."' xy" 


No one has done more than C. Worth’ to perfect the NS theory, 
and his views on this subjeet are ably presented jm on 
Squint, 1903, and are backed by many careful obser Qe made during 
many years of arduous labor. 
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CHAPTER II 
ETIOLOGY OF STRABISMUS 


Probably no one subject in ophthalmology has been discussed more 
than the etiology of squint. No two ophthalmologists would today 
give even approximately similar definitions as to its cause. These 
two faets go to show the protean origin of squint and would suggest 
the varieties of treatment that may be necessary for the relief of 
different cases. Hence, it is not strange that so very many things have 
been mentioned as etiologie faetors, and just as numerous have been 
the remedies for its relief. 

Not until the beginning of the nineteenth century was there any 
worthy definite theory of squint promulgated, and sinee that time there 
have been three theories which have occupied the field of squint etiology, 
all of which still have ardent advocates, and all of which have elements 
of truth. 

I shall present these three theories at some length, in order that 
the student of squint may get a broad view of its etiology, as sound 
and thorough understanding of etiology must of necessity precede 
rational treatment. After presenting these, I shall e: Ui a fourth 
theory, which I feel is justified, as it comprises thag¢&ammhant idea of 
many, if not the majority, of the leading write@yon squint. This 
theory I shall call the Nervous Theory. 


The three outstanding theories as to the of squint which have 


dominated the treatment of that affection e following: 
1. The Muscular Theory, which Y 
ing muscle. This theory held ergtir 
the middle of the eighteenth ce1 X 
2. The Accommodation Th do 
dueed by disturbance of t Qi 
tion due to hypermetr NG o hypermetropia and astigmatism. This 
theory, first suggest 3uffon in 1743, further elucidated by Bohm 
and von Graefe, P NÉ isible by the Works of Helmholtz and Donders 
in opties, was C o established by Donders about the middle 


s the defeet to an overaet- 
'ay from the earliest age to 


Donders claims that squint is pro- 
ation of convergence and aecommoda- 


of the last ea tury. 

. The da) Theory, first suggested by Javal, further elucidated 
Ps Par] more definitely stated by Verhoeff, and finally intro- 
du SS established by C. Worth, of London, is known in this coun- 
try N Vorth’s Fusion Theory. 


is was rather definitely stated by Mackenzie in 1845, and has been 


a fourth theory whieh I wish to introduce is the Nervous Theory. 
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more or less directly or indirectly admitted by every writer on squint 
during the past half century 

Many things have been mentioned as causal factors in squint. 
Every fond and apologetic parent can give a definite cause in his 
child's ease, and want of concurrence in these opinions makes you an 
unworthy consultant. The chief of these are spasms, frights, falls, 
imitations of others, measles, mumps, whooping cough, nervousness. 
a spot on the nose, looking at a curl, injury at birth, and many others 
of less importance, some of which probably acted as contributing causes, 
while many others had no etiologic action. There are many conditions, 
such as congenital palsies, congenital defects of vision, central retinal 
diseases, congenital cataracts, scars on the cornea, spasms, Injury at 
birth, which are, no doubt, contributing causes of squint. These 
will be diseussed under individual headings. 

We shall now discuss at some length the four theories above men- 
tioned, taking them up in the order named. 


The Muscular Theory of Squint 


The advocates of this theory maintain that comitant squint is due 
to a too strong overacting rectus muscle, that the muscle is either too 
large and strong as compared with its antagonist, or that on account 
of its peculiar advantageous insertion, its shortness, or oy "Y elop- 
ment, or the shape of the orbit, it acts in excess of its aa a st and 
causes the eye to turn either in or out. This was the gu @puistanding 
theory of squint for many centuries and it still js ayy brilliant and 
ardent advocates. It must contain an LN (y h to have lived 
so long and to be able to flourish at this enlight KO" We shall now 


review some of the opinions of its sarong) 
In the early part of the eighteenth ç hip Stromeyer published 


book on orthopedie surgery and showg e beneficial effects of tenot- 
omy in eertain eontraeted un an iggested that the severing of 
the tendon of the rectus muscle y Cyd relieve squint. In 1838, Dief- 
fenbach, following this sugges lid a tenotomy in a ease of squint, 
and was successful in re V 1e patient of his deformity. This 
was soon repeated on nO SER by different men and often the 
operation was vue suecess. This at once had a tendency to 
firmly establish É :ular theory of squint. Of this Parinaud' 


Says: 


S the work of Stromeyer (1838), Dieffenbach, Lid 
), Jules Guerin (1841), Bonnet (of Lyons), Lucien 
ay. the success of myotomy was proved and at the same 


‘* However 
- unier RSS 
Boyer NN 


time NS iseular theory of squint is affirmed. 
s Guerin says clearly that the theories of squint ought to be 
NOY! ated to the results of the operation : 
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‘< “Tf it is true, and experience does not allow me to doubt the fact, 
that section of the muscles of the eye rapidly and definitely cures 
squint, it follows that we should revise our theories of the deformity 
and make them accord with the results of the new method.’ 

‘‘De Graefe is more radical and admits the muscular theory exclu- 
sively. According to him, ‘This affection ought to be considered as 
disproportion between the average length of the muscles.’ It matters 
little to the symptom that this inequality results from an abnormal 
insertion of the tendons or from modification of the structure of the 
muscles. 

‘‘In France, Giraud-Teulon brought forth the same arguments to 
exclude nervous influence. According to him, comitant squint is 
synonymous with mechanical squint. In the present day (1897) it 
seems, especially in the German school by Schweigger, Hauner, 
Schneller, Alf. de Graefe, ete., that muscular theory has found new 
defenders. It is manifest that on the old continent these defenders 
are less and less eonvinced, and that some, mueh bound to their past, 
work hard to conceal their conversion. 


We shall now review the opinions of a few American authors. 
Reber? says 


“I believe with Dr. Posey, that there is much in anatomic peculiari- 
ties, whether of the build of the muscle, of the insert of the muscle, or 
of orbital build in children with alternating strabismus. I believe 
that the combined theory which will take account of Donders’ theory, 
of Worth’s fusion faculty, and of the anatomic poss ities; W il] ac- 
count for practically all of the cases except conge Wi 


Swan Burnett (Valk)? says of convergent NS 


‘This condition is the legitimate result S power and 
activity of those (interni) muscles.” 


, and very positive in an- 


Francis Valk, who was probably the xQ.: muscular advocate in 
America, seems undecided at one 1 


other. He says: 


“I do not think that the trv < of strabismus has been fully 
explained, nor do I believe the %St word has been said,’ for if I ask 
what is the true or primal dye of a deviation of the optie axes, that 
is to say, what abnormal mt is found in all eases, I find no answer 
in our textbooks tod ice, in my opinion, hyperopia or fusion 
defects, per se, are ¢ "buting causes of squint, but they must have 
an imbalance o Wlar power to rotate the eyes about their re- 


spective center 'ause squint, and that the innervation of the 
muscles is the sì e ehild of a too aetive brain. 

“I do ne satisfied that we should say this case is due to an 
insuffieie one funetion, or an exeess of, or want of, innervation 
of the O muscles is the cause of this divergence, but I am more 


ANN that it must be in the anatomical construction and insertion 


EN eular musele, probably congenital. 
Ik further says: 


por believe it was primarily due to the muscular condition of the 
eyes; in other words, the power of the straight muscles to move the 
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eyes in the field of vision and in the field of fusion. This has been 
called the Anatomical Muscular Theory and in my opinion is the true 
cause of all cases of heterophoria or heterotropia."' 


Savage's* explanation of esophoria as a cause of esotropia is so 
clearly stated by him that I shall quote it at length. He says 


‘‘Tt is safe to say that without esophoria there can be no esotropia; 
[Savage considers esophoria of muscular origin] but ordinarily eso- 
phoria must be aided by one or more of the other causes in the pro- 
duction of esotropia. Esophoria, when high in degree, may eventuate 
in esotropia, and at the usual age or earlier, when there is no hy- 
peropia, even when the refractive error is myopic. When esophoria 
alone is the cause of esotropia, the actual turning occurs when the ex- 
terni give up the task of so antagonizing the interni as to make 
binocular vision possible. At this time the mind selects one eye for 
use, and the other is allowed to turn into the position predetermined 
by the excessive power of its internus. If its plane of action coincides 
with the horizontal plane of the eye, the position assumed will be di- 
rectly in toward the nose; if the plane of its action is elevated, its 
attachment being too high, the eye will turn up as well as in and will 
be torted in; but if its plane of rotation is depressed, its attachment 
being too low, the eye will be turned down as well as in, and will 
be torted out. At the time of the beginning of the in- turning, the 
mind, in the interest of single vision, begins the work of suppressing 
the images on the retina of the in-turned eye. If the esotropia is not 
periodic or alternating, the work of mental suppression is s accom- 
plished, the patient becoming mind-blind in the crossed . When 
an esophoria alone is the cause of esotropia, the error D ly shows 
itself earlier than usual. Spontaneous recovery, 1 will never 
occur.’ 


$ always due to a 
S (p. 8083) : 


savage* is of the opinion that comitant squj 
previously existing heterophoria. Of this 


‘When the weaker muscle of the p@r longer responds to the 
impulse from its fusion center, the e cer muscle causes the eye 
to turn into an abnormal or unharmorNg/Zis position. Without the pre- 
vious existenee of heterophoria, Cr could be no comitant hetero- 
d 22 
tropia. 


Duane has the followi X with reference to the muscular 


theory? 


“A moderate propartidn QO; cases of squint do, however, develop out 
of a true muscular gef ett. Thus, some cases of convergent squint, both 
in childhood andQ^dult life, develop out of a primitive paralysis of 
the abducens x Ss has been converted into a comitant deviation by 
consecutive S ction and contracture of the internus (see page 742). 


Still mo SS uently it happens that a vertical deviation due to con- 
genital ciency of the superior rectus (less often of other mus- 


ne NN starting point of a convergent squint, or divergent strabis- 
NS o 757 and 788). Furthermore, a convergent squint due 


NO oBvergence-exeess may be aggravated by the presence of a primi- 


AO 
aw 
AS 
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tive weakness of the externi or overdevelopment of the interni. Again, 
a divergent squint may be produced by developmental changes in the 
orbit, causing a relative preponderance of the externi (see page 781), 
or by weakness of the internus due to operation. Such factors, how- 
ever, play a subordinate part in the production of squint."' 

A. S. Green and L. D. Green? state: 

‘‘ Ample evidence may be brought forth to show that, in the vast 
majority of eases, squint is a museular or anatomie anomaly, not pri- 
marily a lack of faulty development of the fusion faeulty."' 

A modified form of the museular theory which deserves special 
mention is thé declination theory of the late George T. Stevens.* 

Dr. Stevens’ theory, which he has made very attractive, was that 
squint was primarily due to a declination of the vertical axes of the 
eye, usually associated with hyperphoria. He considered that the 
disturbance due to declination upset the relation between converg- 
ence and accommodation and caused an excess stimulus to the inter- 
nal muscle, causing the eyes to turn in. The declination is primarily 
due to a faulty insertion of one of the extraocular muscles. This 
theory is partially upheld by Jackson. 

No one ean doubt that marked declination of an image would mate- 
rially interfere with its proper fusion and thus upset the normal rela- 
tion between convergence, accommodation, and the general nervous 
control of the whole aet of binocular vision. Whet his by itself 
could upset the equilibrium of the two eyes eno NUN o “eause squint 
may be questioned, but that it would act as an 4 Nant aid to some 
other causative factor, as hyperopia, no one €Oqld doubt. A hyper- 
phoria of high degree might cause at tin yon confusion of images 
as to cause the eye to turn in more aly in the presence of 
other causative agencies. Q 

Stevens? has the following OS ith reference to the cause of 


strabismus: 


not a few instances, largely the result 
e the visual line into the same horizon- 
tal plane in case of , e tendeney of one of these lines to rise 
above the other. TI N dition of hyperphoria or perhaps of hyper- 
tropia, in which th Mee of one eye tends to appear above the other 
or aetually rise e, is a state of the vision for the relief of which 

the most strenu efforts will be made. 
Phat thi in many cases true is shown by the fact that a tenot- 
omy propee“done on a superior rectus, if the upward rotation of 
C ue will,in an important proportion of strabismic 


that ey, 

case nee and without further procedure relieve the convergent 
SC NN 

NS a much greater number of cases there is marked anotropia. 


1e rotation upward of a very large percentage of cases of converg- 
edt squint exceeds 45 degrees and often exceeds 50 degrees of are. 


** Converging strabismus 1: 
of the instinetive effort t 
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Here the extreme upward tendency of the eyes imposes upon the infe- 
rior recti an excessive tension in the effort to bring the visual lines 
to the ordinary planes of direction, and this tension is against the 
normal tension of the superior recti. Owing to the peculiar insertion 
of the superior and inferior recti muscles, this excessive tension con- 
stitutes a balance of force, in a majority of cases, against the exter- 
nal reeti which is not easy to resist. 

"But with excessive anophoria there are generally, or at least very 
often, extreme declinations, and to these extreme declinations, declina- 
tions which are materially emphasized and increased by the normal 
torsions in looking down with any degree of convergence, more than 
to any other one cause the strabismie deviations are due. If the 
eyes were not set too high, or if no hyperphoria existed, the patient 
might control the declinations, the state of anophoria would not in- 
duce a squint."' 


Stevens has reported a number of cases supporting his theory and 
has shown interesting and convincing photographs. The reader is 
referred to his excellent, painstaking work above cited. 

Savage* does not eoneur in Stevens’ theory as to declination and 
hyperphoria being the chief factors in determining squint. On page 
8097, l.c., he has the following to say: 


“The foundation for every permanent esotropia is intrinsic eso- 
phoria. An esotropia eaused by hyperopia alone will be periodie, and 
never permanent. * * * The plane of action of the sujexNor and 
inferior recti is such that they not only turn the eyes, NCC ively, 
up and down, but they also turn them in. Imbalanee Q superior 
and inferior recti, whether that imbalance is shown i yperphoria 
of one eye and a cataphoria of the other, or in a doQNe hyperphoria 
or in a double eataphoria, will become a factor XO” production of 


esotropia only when there is an esophoria.’’ 
However, in his book on Ophthalmie M; ee. (page 421), Savage? 
does give eyelophoria or declination "e $e. He says: 


SA. sixth complieation, if not a e? 
cyelophoria.' 


Opposition to the Muscle d 
Hansell and Reber? said: 


squint), is a plus or minus 


“It may be well to rey NY squint is not primarily a defective 
muscular condition, afd © 1 less is it an affection that can be attrib- 
uted to any one muse 5 is a matter of convergence power as re- 


lated to divergenee xi er, or, still more accurately, it is to be referred 
to as the muse esponse of excessive or deficient nerve stimula- 


tion." 
 Parina SS s the following to say: 
‘Hays NM has very eorreetly remarked that the straightening 


yes under the aetion of ehloroform is ineompatible with the 
shortening, an anatomical modification of the muscle. The 


AU 


Re) 
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same remark applies, moreover, to these cases of hypermetropia which 
are corrected with glasses or with atropine. It is evident that in 
eases of this nature the trouble is purely nervous.”’ 


Parinaud’ says: 


“The primitive alteration of the muscles, their congenital feeble- 
ness, does not play any part at all in the pathology of squint. What 
one calls the insufficiency of the straight internals, is insufficiency of 
innervation of convergence. If the cause of that insufficiency is situ- 
ated in the muscles, it ought to show itself with regard to the asso- 
ciated movements of direction, as well as in regard to those of con- 
vergence; now it is not so, as Desmarres has long since observed. 

“It is, moreover, antiphysiologieal to admit that a muscle is, from 
birth, too feeble for the work which it should do normally. Of all the 
organs, the musele is the one which adapts itself most easily to the 
need of its function. This adaptation is not only dynamic, but ana- 
tomie; it bears on its size, and in its length. The experiences of 
Marey, whose results have been recently confirmed. by Joachimsthal, 
of Berlin, show that, if one displaces the insertions of a muscle, if 
one modifies the length of the lever to which it is inserted, the muscu- 
lar fiber stretches or contracts permanently in order to adapt itself to 
the new conditions of functioning.’’ i 


It is this very adaptability of the ocular muscle to new situations 
that permits us to operate so freely without bad results. That squint 
is not usually due to an overacting muscle is ue from the faet 
that the exeursion of the eye is normal. In a MCN el, of alternat- 
ing or periodie squint, there is no limitation o In any direc- 
tion, nor is there in constant comitant squin 2d the squint has 
been present for several years. The CN hat the museles ean 
and do move the eye into any desired eU without limitation 
shows that there is no defect either NO} muscles or their nerves. 
The further proof advanced by mar fact, often observed, that 
the eye in most cases of squint Rar becomes practically or quite 
straight when the patient is p or is placed under a general 
anesthetic. The very fact t NN use of glasses and atropin will eure 


something over 30 per ce A casos also disproves the muscular the- 
ory. It must be PN ved that the museular system invariably 
adjusts itself to MN mands made upon it: hence, if squint is due 


to a weak exter, N externus should develop to sufficient strength 
to prevent the Quid of the eye. The demands made of the mus- 
cles of a blg&Rsmith's arm invariably make his arm stronger; why 
does not ternal reetus get stronger and hold the eye straight if 
it is g lar defect? Demands made on a muscle make it stronger 
an weaker. Let it be granted we have an overacting anatom- 
ica overlarge and strong internal rectus; why does it take this 


is so strong? One would naturally expect it to dominate the turn- 


sse three years (the average age of internal squint) to find out 
ber 


o 


Ve 
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ing of the eye even in the first year of life before the fusion faculty 
had an opportunity to develop and binoeular vision is aequired. 

In examining the pull of the interni by means of seales deseribed 
elsewhere, in 250 cases of squint in children under ether anesthesia, 
I have never found any marked difference in the strength of the two 
interni. The internal rectus of the deviating eye gave practically 
always the same degree of resistance as was found in the straight one, 
and each had a normal pull, i.e., between 65 and 75 grams. This was 
true in all recent cases. In eases of long standing there is often a 
marked difference. This goes to prove that the overacting muscle is 
the result of faulty position of the eyes extending over many years, 
and not the cause of the deviation. It is my opinion that the anatomic 
peculiarities are seldom the primary cause of squint, but act only as 
contributing causes; and even this is very difficult to demonstrate in 
cases of recent squint. 


The Accommodation Theory of Donders 


The earliest suggestion of an optical defect as a causal factor in 
the production of squint was made by de la Hire as quoted by Buffon 
(Javal). Buffon in 1748 wrote a long dissertation in which he ascribes 
squint to an inequality in the strength of the two eyes. He even went 
so far as to suggest the use of glasses as a cure for squint; however, he 
modestly admitted he did not know how to determin Ke proper 
glass. Böhm, 1845, suggested the use of glasses to ON vision 
in squint cases and came near making the discovery oy Donders, 
that many cases of squint can be relieved by the uş Slasses. 

Donders in the middle of the nineteenth centi firmly established 
the fact that there was a close relation betyse nvergent squint and 
excessive accommodation and convergence e*to hypermetropia or 
hypermetropie astigmatism. He, at the ame time, advocated the cure 
of squint by means of the correction Q) iypermetropia and astigma- 
tism with glasses. Since his classig,work on Anomalies of Refraction 
and Accommodation, published S) 64, this idea of squint has been 


known the world over as RG Theory, or the Accommodation or 
Hypermetropic Theory of ers. 


In order that we my Nudderstand Donders?’ idea of squint, I shall 
quote him at length :* 


**We now knot by far the greater number of eases of strabismus 
are connected anomalies of refraetion (p. 292). 

ST QU convergens almost always depends upon hyper- 
metropi 

Nd. Anus divergens is usually the result of myopia. 

'* Sue in strabismus convergens hypermetropia in general exists, no 
oye nneetion is conceivable than that hypermetropia is the cause 
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of the deviation. Hypermetropia is, indeed, the primary anomaly, to 
be sought in the strueture of the eye, and originally proper to the 
organ; strabismus is the secondary condition which does not arise 
until some years after birth (p. 293). 

'Hypermetropia is a very widely spread anomaly. I am convinced 
that it occurs still more frequently than myopia. Now, if strabismus 
convergens is in general the result of hypermetropia, the latter evi- 
dently is very often met with without strabismus; we may even say 
that only in a comparatively small number of cases of hypermetropia is 
strabismus developed. This, however, need not by any means surprise 
us. In general, in fact, the necessity of seeing an object single with 
both eyes together, is deeply felt. The direction of the visual lines is 
thereby forcibly determined. Of this I convinced myself years ago, 
in my experiments on the action of prismatic glasses. If we bring a 
weakly prismatic glass with the refracting edge turned inward be- 
fore one of the eyes, the fixed object is directly seen double, but 
increased convergence is immediately involuntarily produced which 
makes the double image coalesce; and if, some moments later, we again 
remove the glass, double images for an instant reappear, which, how 
ever, equally rapidly disappear, in consequence of lessening the con- 
vergence. Now, it is as if the double images, of their own accord 
again coalesce; the movement takes place so spontaneously that the 
person is not even conscious of it. This abhorrence of double images, 
or rather, the instinctive adherence to binocular vision, preserves 
most hypermetropie individuals from strabismus. They sacrifice the 
advantages of seeing accurately, rather than to allow thatqon the yellow 
spots different objects should form their images. In thé$wXherefore, we 
find the reason why not nearly all hypermetropies s or 4 If one eye 
be covered with the hand, while it, as well as th ler, is open, the 
visual line will in most hypermetropics rapidly o inward. The 
same thing takes place when an RO ^on holds a negative 
glass before the uncovered eye 


‘The question which now dus what cireumstanees 
must eooperate to give rise to jur Qu NN In RES individ- 
uals? These eireumstanees are of $ ofold nature: (a) those which 
diminish the value of the binoeulgZWNision ; (b) those which render the 
convergence easier. 


“To the first class aS, 
**1. Congenital difference My he accuracy of vision or in the refrac- 
tive condition of the two v7 In hypermetropia the accuracy of vision 
is often imperfect, wW NF in one or both eyes. This is in part at- 
tributable to asti zn Qy 1, in part to a still unknown imperfection of 
the retina. If tbe c Quo accuracy of vision affects only ome eye, 
then, on too greatédnvergence, the image of this eye will not so much 
disturb visie, phe same 1s the ease when the degree of hypermetr opia 
in the dew F is greater, and the image in this eye is therefore 
less ac "In either case, consequently, strabismus will more 


a . But the tendency doubly increases when both circum- 
ANNI a higher degree of hypermetropia and diminished accuracy 
' ron, as is often the case, occur combined in the same eye. If the 
has long been deviated, there arises a secondary diminution of the 
Ge uracy of the vision as a result of strabismus, to which I shall sub- 
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sequently revert. In that case, however, we can, with the aid of the 
ophthalmoscope, often demonstrate a still higher degree of hyperme- 
tropia of this eye. 

“2. Spots on the cornea. It is often remarked, that in oblique vision 
the deviated eye, or, indeed, both eyes, exhibit opacities or spots on the 
cornea. Pagenstecher and Saemiseh have recently called attention 
to the frequent occurrence of corneal spots in strabismus. * x 
At least I find specks on the cornea much more common in hyper- 
metropia with strabismus than in hypermetropia without strabismus. 
It is true, there may be still another connection between specks on 
the eornea and strabismus, to whieh Ruete has already direeted at- 
tention: an inflammation, namely, which produces these specks on 
the cornea, may extend beneath the conjunctiva to some of the mus- 
cles or their envelopes, and produce, first, a spasmodic, and after- 
wards, a nutritive, contraction. Such cases I have already mentioned 
above. They are, however, eomparatively rare; but they may in part 
explain the preponderance of specks on the cornea in hypermetropia 
with strabismus. 

“3. Peculiar structure or innervation of the muscles; easy mobility 
of the eyeballs inward. Not infrequently a congenital insufficiency of 
the musculi recti interni occurs. It may readily be assumed that the 
cpposite also may be the ease; and, in fact, some eyes converge with- 
out any particular tension up to 3”, nay, even up to 2”, and less from 
the eye. We may assume that form and position of the eyeball exer- 
cise as much influence in 1 this respect as the structure of innervation 


of the muscles. 

“Jf in a family one or two labor under strabismus c oa ee we 
may be nearly sure that in some other members hy netropia will 
oceur; but that in the same family most of the hy ropies should 
be afflicted with strabismus has very rarely oc le to me. 


‘‘In the highest degree of hypermetropia, : smus is rarely ob- 
served. This need not surprise us. In sue W3S$es the power of ac- 
commodation is, even under abnormally ased convergence, not 
sufficient to produce accurate imagey a such hypermetropies are 
thus led rather to the practice of fopfmng correct ideas from the im- 
perfeet retinal images as much as sible. We have already seen 
that strabismus is met with Ml in a mean degree of hyperme- 
tropia. These belong to facu and relative hypermetropia: the 
eye ean adapt itself for p and even for diverging rays, and 
ean, moreover, maintain .Cómmodation for some time, yet often 
only with convergence e visual lines to a point, situated closer 
to the eye, than ther whence the rays proceed. The minimum of 
hypermetropia at Whigh strabismus occurs, depends undoubtedly on 
the angle A, angeon the range of accommodation; the less the latter, 
and the greaté NO. the less degree of hypermetro pia will be suffi- 
cient. But toy Nished energy or paresis of accommodation by itself 
is as little e to produce strabismus, as is the diminution of the 
range NM ackommodation connected with the increase of years. 


** Bo ie internal muscles of eye are therefore to be considered 


a 


as 5S NV The shortening, at first dynamical, has in the constant 
mus become organic; it is the result of excessive action, with 
C rM xátion of the antagonistic muscles; morbid structural change does 
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not exist. That both interni museles are shortened, depends upon the 
habit of keeping the fixed objeet to the side of the deviated eye so 
that even in the nondeviated eye the museulus reetus internus is 
brought into relatively strong contraction. In this position the hyper- 
metropia of the nondeviated eye is best overcome. Also when the 
strabismus has become constant, a comparatively stronger tension of 
the internal recti muscles is connected with the fixing of an object, 
whereby the angle of squinting is increased—of course in a less de- 
gree where a great angle of deviation already exists, because increased 
tension is then attended with less motion; after tenotomy the inerease 
of the eonvergence often again appears very well marked in these eases 
on fixing an object. This increase of convergence on fixing, when a 
correct position has been obtained by tenotomy, is important in a 
double point of view."' 


We shall now review the opinions of a few writers on the accom- 
modation theory. 


Parinaud' says: 


"At the moment when the influence of de Graefe imposes the mus- 
eular theory, the works of Donders make a happy diversion. Donders 
establishes the connection between squint and the errors of refraction ; 
in the second place he shows that hypermetropia develops convergence. 
Unhappily he had not considered squint as a whole; he sees only one 
side. For the other part, he introduces into the questio an element 
of confusion by wishing to establish between apy aum: and 
real squint a bond which does not exist. XÑ 

'* Donders has the great merit of showing agai (sy 
ence in the pathology of squint, but he stug# 
physician, and not enough as a physiologist. oes not conceive the 
alternative of convergence as a trouble off*aérvation to oppose the 
muscular trouble. He defends hims Q the contrary, against 
Giraud-Teulon, from having wished Nen the rôle of the muscles. 
He fails to specify, to distinguisheth&usfro kinds of associated move- 
ments, those of direction, and thgg&of convergence; he fails to show 
the independence of innervatior these two kinds of movements. 
That is the knot of the questigt»' 


Zentmayer? says: O 


‘It appears to ne when one approaches the subject with an 
unbiased mind ang ders the facts as they are, the accommodative 
theory accords th these facts, and when it fails in individual 
cases these can Y be explained by other known eausés of strabis- 


róle of eonverg- 
swit too much as a 


mus, such as genital palsies, structural defects or anomalies, favor- 
ing aS normal orbital axes, divergence weakness, and con- 
3 22 
popia. 


ERS 
+ 
NOssius D. Westcott, in discussing Dr. Zentmayer’s paper, says: 


‘“My experience is that convergent excess occasioned by excessive 
ommodation due to hyperopia is sufficient cause of convergent 


> NJ dnt in a large number of eases."' 
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‘Since the functional internal squint of children is indirectly de- 
pendent on hyperopia, its cure can be obtained only by relieving the 
strain on the accommodation induced by the effort to overcome the 
hyperopia. 
| “The convergence-center in the hypermetrope is overexercised, and 

its growth (together with that of the muscle) is unduly prompted, 
therefore hypermetropia is preeminently the favoring circumstance in 
the production of squint, and determines the direction of the movement 
of the visual axis." 


| 
| Howard F. Hansell’? says: 
| 
| 


Stevens’ says: 


* Turning to the anatomical side of the question, we find nothing 
| to sustain the propositions of Donders. The more recent investiga- 
| tions of the anatomy of the nerve centers controlling these functions 

show not only that the nucleus controlling the function of accommoda- | 
| tion is distinctly separated from that governing the convergence, but | 
| that the nerve fibers from each root pass separately out from the | 
| brain, and that they are only united within a common sheath after 
| 
| 
| 


they have traversed a considerable space as separated fasciculae. 
‘‘Such considerations suggest that these two functions, which usu- 
ally act in close agreement, so act as a result of habitual, not of 
organic, association. 
“Training, or a necessity which interposes important obstacles to | 
the habitual association of action, quickly enables the indiyidual to | 
disassociate the two functions absolutely."' 


Savage* says: gs 


| “If hyperopia were even the chief cause of the i 1al squint, the 
eases demanding operative interference would w and far be- 


of esotropia; nevertheless, it is an importar ce, for a removal of 
this eause, by the wearing of convex ler e ly in childhood, often 
will make the other cause or causes ingpeuadfve.'' 


The Fusion(Ty ory 


| Before studying this theory, it y be well to make a few remarks 
| with reference to the binoc act of vision. The essentials for | 
binocular vision are two NN aculae in two eyes whose motor func- | 
tions are in perfect ord NS esided over by a healthy cerebrum. The | 
first essential to bigocr vision is predominating maculae; i.e., the 
macula of each eye 1 be so developed as to demand that the image 
shall fall on tk Gap cula. In other words, the acuteness of vision at 
the macula sl be several times greater than at any other part of 
the ANNUI lere this is true the retinal reflex from the maeula will 
send i NM ciently strong stimulus to the external muscles of the 
| eye ANY that eye into such a position that the image of the object of 
ion will fall on the macula, in order to secure the most perfect 
possible. The second essential to binocular vision is a normal- 


| tween. Hyperopia must occupy a secondary c) ! a causative factor 


40 STRABISMUS 


functioning set of ocular muscles. This implies that they should be of 
proper eomparative strength and under proper healthy nervous control. 
The movements of the eye are the most eomplex in the human anat- 
omy, and its nervous mechanism is of necessity complex. The third 
and last essential is a properly functioning nerve center, whose duty 
it is to receive these retinal images, and convert them into a single 
mental picture, an exceedingly complex and little understood function, 
but none the less interesting on account of its intricacy. 

In the human being there are two retinae so placed as to have cor- 
responding parts, one with the other. The right or nasal half of the 
right retina corresponds with the right or temple half of the left retina, 
and vice versa. The macula of one eye corresponds with the macula 
of the other. Fusion demands such adjustment of the macula that the 
image of an object seen will fall on the macula of each eye. These 
images, in turn, are sent to the cortical center of vision in the brain 
and stimulate the same set of cells and the two images on the two 
retinae make but one cortical stimulus, and one impression, and only 
one object is seen. This uniting of the two retinal images into one 
mental image is called fusion. Any hindrance or want of proper action 
in this mental act is called interference with fusion, and the power or 
faculty or converting these two retinal images into one mental picture 
is called the fusion faculty. This faculty, if there be suck, is innate in 
man. The so-called fusion theory of squint ascribes : er o a want of 
proper development of this faculty. e» 

Claude Worth's theory is as follows :'* 


addition to the most 
ect of the fusion faculty, 
the vision of the deviating 


'"[n a ease of convergent squint there 
obvious symptom, the deformity, alw ays 8 
and there is nearly always a suppres: 


eye. In the human infant the mot pordinations of the eyes are 
already partially developed at bint uring the first few months of 
life these serve (in the absence “Cy Reinet influence) to maintain 


approximately the normal ES d, 7 directions of the eyes. Soon the 
fusion faculty begins to dey(6p. I have found distinct evidence of 
binocular vision in the sixi@ pyonth. Normally the development of the 
fusion faculty is well o» d by the twelfth month, and complete 
before the end of theNN year. When the fusion faculty has begun 
to develop, the i ive tendeney to blend the images formed in 
the two eyes— desire for binocular vision,’ as it is ealled—will 
keep the two eyeéwAZstraight. When the fusion faculty is fairly well 
developed + v hypermetropia, nor anisometropia, nor heterophoria 
can cause of In fact, then nothing but an actual muscular paral- 
ysis cal an eye to deviate, in which case the resulting diplopia 
is Indodewa + Sometimes, however, owing to a congenital defect, the 
heulty develops later than it should, or it develops very im- 


fut 
ENG ly, or it may never develop at all. Then in this ease, there is 
thing but the motor coordination to preserve the normal relative di- 
e@tions of the eyes, and anything which disturbs the balance of these 
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eoordinations will cause a permanent squint. Thus the essential cause 
of squint is a defect of the fusion faculty. In the presence of this 
fundamental cause the eyes are in a state of unstable equilibrium, ready 
to squint either inward or outward on slight provocation." 

The commonest provocations to the overthrow of binocular vision 
are, according to Worth: (1) Hyperopia; (2) Anisometropia—marked 
difference in the refraction of the two eyes; (3) Hyperphoria—ver- 
tical imbalance of the muscles; (4) Esophoria and exophoria—lateral 
imbalance of the muscles; (5) Specifie fevers. Such cases usually 
have considerable hyperopia, enfeebled accommodation, coupled with 
poorly developed fusion sense. These upset the unstable equilibrium 
and squint becomes apparent. (6) Violent mental disorders and con- 
vulsions, severe fright in absence of fusion faculty, upset equilibrium 
of convergence center. Injury during birth and occlusion of eyes for 
too long a period. Heredity is an influential factor. In a fair number 
there is a distinct history of strabismus in one or more members of 
the immediate family. Worth found 51.78 per cent where information 
was reliable. 


Browne and Stevenson?? say: 


"Beginning with an undeveloped and imperfect instinct for clear 
definition and binocular fixation, the eye, after it has been tjlted be- 
yond the required point, is still further deprived of its cation. 
From having an occasional, albeit perhaps a blurred vida! its ob- 
ject, it becomes indifferently directed on space, and ey areas its 
macula is concerned, unemployed. 

‘The outcome of the foregoing facts is to show, Nb3X the failure to 
accomplish binocular vision, in accordance with Q) ancestral inheri- 
tance and cur normal requirements, is at the om of squint; that 
failure may be due to pathological cause, aff ease of nebulae, or it 
may be a mere matter of faulty growth, hypermetropie astigma- 
tism. Beyond this all is normal. Tee Sons es are not at fault—con- 
vergence is the function of the nC recti, and that function is 
effected by the motor centers.”’ 


^t 


De la Hire (Javal) thought t w^ deviated beeause the most sensi- 
tive part of the retina dic Q ne within the prolongation of the 
optical axis. He says: NN 

'*[t is to cause D On) impress themselves on that part of the 

te 


retina that the eye a vicious position.’’ 


We will see Qo of our American confreres are warm advo- 
cates of NO Linn Emerson' says: 


** As ANN! a speech and an auditory center, there is no question 
in my NS that we have a fusion center. The presence of this center 
j ously necessary for development or manifestation of a fusion 

But its loss or absence is not the only cause which will 
| deterioration or loss of the fusion faculty. 


M 
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‘Worth arbitrarily divides the fusion faculty into three grades, 
but in reality, there are 'fifty-seven varieties? or grades, and I em- 
phatieally affirm that in all cases of concomitant squint this faculty 
is in some degree deficient; the structural defect, or the refractive 
error may be the cause of the lack of development of the fusion sense, 
but the deficiency of the fusion sense is the cause of squint. 

“The prime cause of this variety of squint is deficiency or absence 
of the fusion faculty. This has been disputed by some observers who 
have failed to grasp the three grades of fusion described by Worth, but 
I ean honestly say in the observation of several thousand cases cover- 
ing a period of more than fifteen years that I have yet to see a case 
in which the fusion faculty was not absent or deficient. 

‘‘In my opinion, for lack of a better explanation, we must give the 
inherent desire for single binoeular vision in the human being as the 
stimulating force over the muscle coordination powers, as a strong con- 
tributing factor in keeping the eyes parallel, certainly until the child 
is six months to one year of age, when there is marked assoeiation 
between accommodation and convergence or any fusion center de- 
veloped.” 


Valk expresses himself thus:? 


‘‘My conception of this physiological aet is that the movement of 
the eyes from one point of regard to another is a purely voluntary 
one, controlled by the higher brain centers, while their action in the 
fusion of the images according to physiological law is controlled by 
the lower or automatic brain centers.’’ 


He further says: xe 


the eye and the 
power or guiding 


‘‘But the strongest and most important functi 
keynote of binocular vision is that of the f 
sensation."' 


W. B. Lancaster” says: NC 


‘It is natural for the eyes to GO) It is only when something 
holds them in alignment that tl@y WO not deviate, therefore in the 
absence of this something we hayexNe cause of deviation. This ‘some- 
thing’ is the desire for fusion, cOwPled with the ability to maintain it; 
therefore the absence of eith@Pythe desire for fusion, or the ability to 
maintain fusion, or both, v fuse deviation." 


Duane? in a ENS 
h 


‘‘It has seemed, t translator that the lack of ability to perform 
fusion in these (caseS"is not so much the cause of squint as the result 
Ober tod 

In reply special request with reference to the existence of a 
fusion AYY, Dr D. D. V. Stuart, Jr., associate professor of clin- 
ical “ ogy of the Georgetown University, has the following to say: 


objection to the ‘Fusion Theory’ of Worth is simply this: The 

heory assumes the existence of a special ‘fusion faculty’ and a ‘fusion 

ter. Both these assumptions seem to me unnecessary for the 
understanding of binocular vision. 
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**'The points I wish to make are two: First, true fusion of the optical 
images of objeets seen with both eyes does not take place; otherwise 
there would be no such thing as stereoscopic vision. We may for con- 
venienee speak of two superimposed images, seen from slightly dif- 
ferent angles, as fused; but, of course, they are not. Second, it is my 
belief that we have a eonstant diplopia for objeets within the field 
of vision but not direetly foeused on; and that we habitually dis- 
regard this, just as a squinter learns to ignore the image seen with the 
deviated eye. 

**Beeause of these two points, I do not see why we need assume any 
special faculty or center for ‘fusion.’ It seems to me adequate to 
think only of a center for convergence, allowing the two eyes to bring 
a single object into range with the point of greatest visual acuity of 
each retina. Irritative lesions of the convergence center would account 
satisfaetorily for eases of nonparalytie squint, and destructive lesions 
for divergent eases."' 


The weakest point in the fusion theory of Worth is that most cases of 
eoneomitant squint develop in children after they are three years old 
and have enjoyed binoeular vision for two or three years. If it were a 
defeet or fault of fusion entirely, it seems that we should find our : 
squinters during the first years of life instead of waiting three years 
for it to develop. It does not seem logical that a congenitally defective 
fusion faculty would work for two or three years and then break down. 
It would be more reasonable to suppose that with each day aA ince: 
ular vision that faculty would certainly increase and east nger 
and by the third or fourth year be strong enough to PS) 1e all ob- 
stacles except, as Worth has said, ‘‘paralysis of ane ar muscele."' 
an be cured by 
y good binocular 
specially defective 


The very fact that 25 to 40 per cent of these ca 
use of glasses, treatment, and exercise, and p 
vision obtained would seem to me to i 


fusion faculty. 

It is also difficult to believe that th Sais of the fusion faculty 
for ten to twenty minutes at a time C» for a few weeks could so 
improve a defective fusion faeu tys to make it function properly . 
ever after. We do not PN any other mental feat with such 


ease. 

It would seem that it is N much a defect in the fusion faculty as 
it is a disturbance "(o^ harmony in the proper uniting or co- 
ordinating of the sevèl stimuli, or retinal reflexes, sent in to the 
centers for conv? Bice. A given -object creates a retinal image on 
each retina. 1@ Nominating maculae of good eyes send a message 
to the con? NS center to set each eye in such a position that the 
image s all on the retina of each eye in order that it shall be 

NS At the same time the accommodation center, which 
but not identical with the convergence center, records a stim- 


o focus that object and obtain the most perfect image possible. 


propery 
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Now, squint is due to a disturbanee of this eomplex aet. It may be 
a fault in receiving the image, that is, in the retina; it may be a fault 
in transmitting the stimulus to the cerebral centers, or it may be a 
fault in receiving the stimuli and in turn transmitting it into the 
proper motor stimuli. We are practically all agreed that we have 
an excess of convergence, but we are not agreed as to what causes 
that excess. The muscle men say it is too strong a muscle, the fusion 
men say that it is a defect in the fusion faculty, and the advocates of 
Donders’ theory say it is due to hypermetropia. In answer to the 
muscle men we should say: ‘‘The muscle is not at fault, because there 
is no limitation in movement in recent cases, the eye straightening in 
sleep and under anesthesia, and many cases are cured with glasses 
which have no effect on the museles." To the fusion men we should 
say: ''The eyes are straight for three or four years and then cross. 
Why does fusion break down after three or four years’ use?’’ Of the 
Donderites we should ask: ‘‘Why do not all hyperopes squint? The 
majority do not and often the worst do not; besides, many cases of 
squint have no hyperopia or very little, and even some cases of myo- 
pia are internal squinters.’ | 


The Nervous Theory 


e sald to be 
e'literature on 


With the three theories already advanced, it mi 
superfluous to introduce a fourth, but the study 
squint is so replete with writings on the influe ' the nervous con- 
trol, or want of control, in squint, that I fee Wstified in introducing 
this theory, disclaiming at the same tima 


This theory should be divided into Q 


originality for it. 
eneral heads: Pathologic 


nervous lesions. Functional nervou estations. 

Pathologic Nervous Lesions.— Oi been known from the very ear- 
liest times that paralysis cause Quint. In fact, that was the domi- 
nant idea of squint E : centuries. Frank paralytic squint will 


be discussed under a Im. e chapter, and the remarks following 
will not deal with NE but with results of paralysis, or disease. 


R. I. Lloyd?? is A NS impressed with the number of permanent 
squint cases hera! oe with pathologie lesions. He says 
Eus VEA that there is a pathologie cause for strabismus. 


T include all cases due to loss of Foveal Guide. 
ata include all cases due to Muscle Paralysis. 
would include all cases due to Positive Seotoma (blurred 


$ ‘Group C9 


IMAA 
Wi, 3 cases ean pass on to blindness and to Group 1; and a 
irouüp 1 ease might, now and then, emerge from that unfavorable 
“ass and end in Group 3, or perhaps recover. 

"Loss of the Foveal Guide need not be more than an absolute de- 
feet of the central one degree to allow the eye to deviate. Total 
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blindness is not necessary to bring about this state. It should be 
noted that every absolute defect is surrounded by a zone of relative 
defect and that this one degree absolute defect means absolute blind- 
ness of the all important fovea with a surrounding zone which is 
below par. 

**Deviation (page 110) in or out regularly goes with traumatic mac- 
ular disease, coloboma of the macular area, chorioretinitis involving 
the central zone, ete. All of the foregoing remarks apply only to 
other than alternating deviations. None of the suggestions which 
apply to eonvergent or divergent squint of the unilateral variety is 
of use in considering alternating squint. This variety has usually 
good vision for each eye and it is reasonable to look upon this very 
peeuliar and stubborn deviation as an exclusively cortical or nuclear 
abnormality, probably due to malformation or eccentric nerve habit. 

‘Tt is our opinion, then, that strabismus is associated with pathol- 
ogy, and is not a nonuse complex. For this reason, cursory examina- 
tions of squint cases are out of place. More accurate measurement 
of deviations are in order and ean be done without consuming the 
time usually thought necessary to accomplish this. More fields of 
these eases need studying and neurological assistance is frequently 
of great value to clear up the ease. A technique which will more 
certainly point out the old paretie muscle cases is needed, as other- è 1 
wise operative results wiil disappoint.”’ 

It has been Lloyd's observation that a larger percentage of constant 
squinters have defective visual fields, both in the good eye as qvell 
in the deviating one, with diminished visual acuity in ea KC pre- 
sents this as evidence that there has been previous roy nérvous 
pathology. His findings are of great importance and d lead all 
ophthalmologists to more carefully study his es CASES. 

It has been frequently observed that a ew Qitinber of squint 
cases follow paresis or paralytic lesions whic XQ: early in life 
and had left no trace. Of these cases, E uane, Maddox, Har- 
man, and many other writers have wri tensively. 

These cases usually occur early QM and are associated with 
marked amblyopia, even where no.paMfology can be found. Duane 
has classified a certain number 9 he cases under congenital squint. 

Functional Nervous Manifgs$o€fgns.—Funetional nervous manifes- 


tations in etiologic OS «quint have been recognized for more 


than a century. Mack iy in 1855 gave a fairly definite statement 
of the functional nerous theory. He said: 

‘The cause se int should be sought elsewhere than in the mus- 
cles of the ey ce "here than in the retina; that is to say, in the 


brain and d ves, organs whieh preside over the association of 
the NS Quse es of the eyes 


Then NN N.. to the first attempt of Dieffenbach and others to 
eure,s N by myotomy, he adds these signifieant words: 


| ght not to be astonishing, then, when one comes for the first 
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time to the idea of several doetors, that division of the adduetor mus- 
cle ean prove useful in convergent squint, this idea of correcting the 
disturbed exercise of a nervous funetion by section of one of the mus- 
cles the aets of which are disturbed because of this nervous disorder, 
has been received with suspicion, then abandoned." 


After Mackenzie, Javal for a third of a century devoted much ef- 
fort in elucidating the relation that existed between comitant squint 
and the nervous system. 

The first use of the excessive ‘‘innervation of convergence” as a 
neurocausal factor in the production of squint was made by Krenchel 
in 1873. About the same time Hansen Grut read a paper in New York 
in which he advocated the functional nervous disturbance of eonverg- 
ence as a cause of squint. After him we find Mules and Berry sup- 
porting the same idea. 

Possibly no one has given more study to squint than Parinaud,! 
and certainly but few have better stated its etiology. His ideas com- 
prise all of the good in the so-called Worth’s Fusion Theory, as well 
as much in the accommodation theory of Donders, and he is at the 
same time the chief advocate of the nervous theory. I shall now quote 
him at length: 


“It would be a new error to see in squint only innervation of con- 
vergence. One can understand its pathology only with a larger con- 
ception which permits synthetizing the diverse influe]j which enter 
in. I have defined squint: a fault of the A ita i. he apparatus 
of binocular vision, bearing at the same time on ey tor part and the 
sensory part of that apparatus. 

“The motor part is represented in convete®mce. The immediate 
cause of the squinting deviation is alway rouble of innervation of 
convergence. The two principal factors nvergence are the retinal 
All the causes act on the 
iaries. These causes have 


vision; they act more efficaciou rhen the subject is young; that is 
to say, when the apparatus of ocular vision is less developed. 

‘In order to understand, d¢gint, this conception is still not enough; 
it does not suffice to con: the causes which determine the squint, 
and the mechanism b Qy they act on convergence. It is necessary 
to consider the sec y modifications which are produced and 
which, insensibl Nee the character of the squint. Excess of in- 
nervation of Gy vence, which at first characterizes convergent 
squint, tends to Wappear in the measure that the apparatus of binoe- 
ular visiom nges; that is the cause of spontaneous correction of 
the eyes å tain cases. More often the deviation persists in spite 
of the Ai*ePpearanee of excess of innervation which caused it. It is 
them'«Mihtained by the retraction of the periocular tissues, of the 
ANY of Tenon in particular. This retraction caused by the devia- 
ioħ Becomes in its turn the cause and radically transforms the char- 

ster of the squint by a process which is found in other deviations of 
nérvous origins. 
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‘The sensorial part changes at the same time. The modifications 
represent the alteration of the three fundamental properties of the 
apparatus of binocular vision, namely, the retinal reflex of converg- 
ence, diplopia, the manner of projecting the retinal images. 

‘“‘This conception of squint permits one to establish unity in the 
midst of diverse influence which produces it and of the numerous 
elinieal forms which it takes. 

“I have noted the fact that convergent squint is at first character- 
ized by an excess of innervation; the cause of the squint is not in the 
surroundings of the eye, but in the brain. If one observes this squint 
at the age of twenty, it is entirely changed. The excess of innerva- 
tion of convergence has disappeared; it is even replaced, usually, by 
the complete abolition of this same innervation. The deviation is 
maintained solely by the retraction of the periocular tissues. In 
spite of the similarity of symptoms, it acts, from a surgical point of 
view, from two different affections. How can one expect the same 
operation to produce the same effect in these two extreme cases, or 
in the intermediary forms? There is still evolution of squint, which 
modifies the immediate effects of an operation, to consider, evolution 
which will be different according to whether retraction of the peri- 
ocular tissues exists or does not exist, or according to whether one 
operates on convergent or divergent squint.’’ 


Sauvineau?' has the following to say with reference to Parinaud 
and his theories: 


* But the theory of innervation of convergence remained an indef- 


inite idea until Parinaud established clearly the existencegyd®a spe- 
cial innervation, foreseen by the previously named auth 
"In a work on associated paralyses and in several publica- 


ysis of func- 
Ying them for 


tions, he opposed to paralysis of the ocular muscles, 
tion, aiding the muscles in certain actions and 


others. By the facts of paralysis and of aes of convergence, 
he showed especially that innervation of this AU ls susceptible 
of being altered independently of that Ga Ssociated movements 


which de Graefe and Giraud-Teulon h tried to exclude the influ- 
ence of innervation in the pathologCy squint, fail of themselves. 
Innervation of the associated mov, Q s of direction is, indeed, in- 
tact; it is that of the movemer Q convergence which is altered. 
**[n squint, in fact, it is on ervation of convergence which is 
to be considered. In spit ivergence of the optical axes, the 
associated movements are rved in the lateral direction of regard, 
for the innervation ofh useles is intact for the movements. 
‘‘Convergent squink isj)determined by an excess of innervation of 
convergence, a king, of"fontraeture. Divergent squint is, on the con- 


of direetion. (p. 142.) This point PILAM) d, the reasoning by 


trary, characteri?e&y a progressive relaxation of that same innerva- 
tion, similar t 'alysis, with the difference that it acts, not by 
accidental deg f a nervous center, but by an error of development 


of appar SN 
MSS 


; strabismus, which was, according to savants, a local affec- 
ti isual or museular origin, became, according to Parinaud, an 
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affection of the central control. It appears to be not only the most 
natural, but the only probable, explanation of certain forms of stra- 
bismus, more particularly those which supervene when optical causes 
are at fault 5 


Simpson? says 


‘‘In any ease, his (Parinaud's) definition is extremely explicit. It 
is a question of a ‘fiaw in the development of the apparatus of binoc- 
ular vision, preventing the convergence of the eyes upon a fixed ob- 
ject.’ It is a disorder of central control on the reflex of the converg- 
ence. If this last be exaggerated, there is convergent strabismus; if 
it be lessened, divergent strabismus supervenes. The cerebral trouble 
itself may be primitive, and may by that fact prevent binocular sight, 
or it may supervene early and impede normal development.’’ 


C. Sauvineau?* introduced a unique theory of the cause and treat- 
ment of squint, which supports the functional nervous theory as 
follows 


‘The essential disturbance with strabismus is inability to focus the 
lines of vision on the object, and this, he insists, is the result of an 
anomaly in the perceiving centers in the brain. Only the visual image 
from one eye alone is perceived. The eross-eyed are cerebrally blind 
of one eye. Both eyes may be visually P but the brain percep- 
tion is monolateral; the brain neutralizes or drops out the image fur- 


nished by the deviated eye. - 
The following is from Browne and Stevenson :! oS 


**''he essence of squint, then, is a failure on Cy of the periph- 
eral sense-organ to inform its cerebral Xo) ‘Nof its requirements. 
The muscles are not at fault, nor S centers; indeed, the 
maintenance of convergence (and accom Cy is evidence of their 
integrity." SH 


Bishop Harman” says: 


‘That a defect of cerebrati€a) Nn a weakness or possible 
absence of that most | iis QU Q in binocular vision, is at the basis 
of manifest squint is, I tz Qi a matter of general agreement." 

I E. Maddox?? has N ring to say in regard to the etiology of 
squint : 


| ‘The great a ty of convergent squints are nonparalytic, and 
| therefore, comi being purely due to excessive activity of the 
Í . 

| converging Gao Goprvation. 


| *^ Man ses of concomitant convergent squint disappear under 
chloyog I aneas that the internal recti are not, contracted or 
| NN ally altered, but only unduly innervated. In most cases this 


| Y was at first occasioned simply by association with excessive 
b tnr d e effort ealled forth either by hypermetropia or possibly 
a few eases by paresis of the eiliary musele, as suggested by Javal. 
Tus nvergent squint of the kind under eonsideration nearly always 
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commences about the age of three years, when children first begin to 
regard small objects attentively. Possibly at this age accommodation 
begins to require a greater effort than before, from changes in the 
consistency of the lenses. Or it may be that at the age when a squint 
begins the insulation between the two paths of nervous impulse to 
accommodation and convergence is still imperfect so that strong ac- 
commodation is impossible without equally strong convergence. When 
once formed, a squint persists from innervational habit." 


Le Fever” says: 


‘‘ Since clear vision is the chief function of the eye, the accommo- 
dation element of the stimulus predominates and too much stimulus 
is given to the convergence. This would cause the optic axes of the 
two eyes to cross and a squint to occur in all hyperopes were there 
not some means by which the patient can compensate for the excess 
convergence. This he does by sending as much excess stimulus over 
the sixth nerve to the external rectus muscle as there is excess converg- 
ence, and this eye is drawn tautly back into its suspensory ligament, 
giving the deep-set eye characteristic of hyperopia. Or the patient 
may be able to separate the two stimuli and converge less than he 
accommodates.’’ 


Savage? also supports the nervous theory of squint in the following 
sentence (l.e., p. 8095) in which he says 


‘‘The conditions causing the error exist from birth, and oply one 


of the several natural causes undergoes any change at any after 
birth. In the greater number of cases it is the character heJnerve 
impulse to the ‘ciliary muscles that causes ov pens, the third 


deviation, when previously there was only a tendeyetoward devia- 


conjugate innervation center, which ue s an actual 
tion—a conversion of an esophoria into an BLA is 


Dunnington?* says: 


** A lateral strabismus may result NI 


'*1. A paresis or spasm of one of the Straocular muscles. 


“2. An anomaly of divergence. 

‘3. An anomaly of convergence 

*4. A combination of any tw Aall three of these conditions.”’ 

Duane? has taught us that 1 oy 
aly of convergence or of NN 2 fal and that having started in this 
way, they gradually pec eonstant through a secondary involve- 
ment of the p CTUM power Worth,'* on the other hand, 
contends that the e ie is the direct result of a defective power 
of fusion. It ig ible that both factors enter into the production 


eral deviations begin as an anom- 


of a squint, believe the predominant cause to be a dysfunction 
of the SS Sing or diverging power. 
It has à evident to the author for a number of years that stra- 


vem the very young is due in a large percentage of cases to a 


gy! »ervous instability. 
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The fusion theory of Worth is but a minor part of the nervous the- 
cry. In fact, the accommodation theory of Donders is comprised in 
this theory when it is viewed as an excess of innervation of converg- 
ence. 

Museular anomalies, hypermetropia, the heterophorias, or even a 
moderate amount of amblyopia, would not eause squint in the pres- 
ence of a well-balanced nervous system. 

I have yet to see a child with funetional strabismus who did not 
show some general nervous instability in addition to the erossed eye. 
If one examines into the family history of squint eases, one or both 
parents are neurologically deficient in some respects. Here we see our 
heredity playing its part on the constitution, if it is not expressed in 
a erossed eye. 

Probably no one has written so complete and masterful a deserip- 
tion of the disturbances of the motility of the eyes as is found in 
Duane’s translation of Fuch’s sixth edition. Certainly no one in 
Ameriea has done more original work on this subjeet, nor has any 
one presented the facts more precisely and concisely than the la- 
mented A. Duane. The etiology of squint is so well given that I take 
the liberty of quoting it at length (p. 781): 


* An esophoria may disappear if the conditions causing it are abol- 
ished or offset. Thus an accommodative eonvergenceSexcess usually 
disappears if the causal hyperopia and astigma A re corrected 
early enough and it disappears in presbyopes CA onger accom- 
modate excessively because they cannot. Agai some cases a con- 
vergent squint disappears in youth, because i 
the orbits get more divergent so that the cy 


culty than before (Weiss). 
© This is seen in the devel- 
Sally begins as an accommo- 


‘‘In other cases an esophoria ine 
S in this development are as 


i work with more diffi- 


opment of a convergent squint, whi 
dative convergence-excess. Thé si 
follows: K 

'* (1) A child with a good mox hyperopia or astigmatism, as soon 
as he begins to use the eye @yuch for near work, develops a varying, 
evidently more or less Modic esophoria (convergence-spasm, see 
supra) which is may near when his eonvergenee is ealled into 
play, but which NN “or not at all marked for distance. 

'*(2) Little by o the deviation inereases until binoeular fixation 
for near beconfes ig Possible, and the periodic esophoria is transformed 
into a periodidwe&nvergent squint. This at first is intermittent and 
occasionat Wo RET more and more constant. There is now more 
or less e N ria for distance also, although always less than for near, 
and t O; still binocular fixation for distance. 

(*QONeYul tests at this stage will show in nearly every case that 
Í vint is associated with diplopia. 


PN 


—, 


ears, the patient gives up binocular fixation for distance, so that he 
ow has a eonvergent squint for both distance and near (continuous 


| 3) After this eondition has lasted for a long time, perhaps some 


Y growth of the face © 


——————PÁ 


—M m — 
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squint). The deviation as measured by the screen, however, is still 
much more marked for near than for distance. Diplopia can still 
usually þe elicited by the tests. The condition is still mainly one of 
convergence-excess. 

'*(4) Later still, the amount of deviation for distance begins to 
inerease until ultimately the squint for distance equals that for near 
points, and both are absolutely greater than they were. This change 
is due to the superadding of a divergence-insuffieieney to the primitive 
convergence-excess; the conditions, now, in fact, are those shown in 
the table as obtaining for a convergence-excess and divergence- 
insufficiency combined. The rotation of the eyes is still normal in 
amount, indieating that the muscles themselves are as yet unaffected. 

** At this stage, diplopia, if it ean be elicited at all, no longer ob- 
trudes itself upon the patient's notice nor causes confusion. In many 
cases it cannot be elicited by any tests, suppression of one of the 
images having occurred (see p. 763). 

'*(5) Later, secondary muscular changes (contracture of the inter- 
nus, stretehing and weakening of the externus) take place in the squint- 
ing eye, producing an absolute reduction in the rotation outward and 
exeess of rotation inward. 

**In some cases it seems that a convergent squint may develop from 
a divergence-insufficiency. The steps in this case are, first, an increase 
of the esophoria for distance, then the superadding of a convergence- 
excess producing an esophoria for near. The result is, first, a peri- 
odie convergent squint (esotropia for distance, esophoria with binoe- 
ular fixation for near) ; later a continuous squint for all ranges. Un- 


til late in their course such eases are distinguished from Mo% start- 
ing with a primitive convergence-excess by the fact t devia- 


tion for distance always exceeds that for near.”’ 


On page 785 he further states: & 


** As seen from paragraphs 684 and 685, a e Sent squint usually 
develops out of a simple convergence-ex o which is added a 
divergence-insufficiency ; and a divergen uMmt develops out of a 
simple convergence-insufficiency to LS is added a divergence- 
excess or out of a divergence-excess ich is added a convergence- 
insufficiency. ”’ [e 


The following excellent disq Q on the etiology of squint was 


‘Every human being 
bismus, because the ganQifjons of our eyes are not symmetrical. 

“If, in looking a& a plistance, one eye looks straight forward, it 
would be accidentgl ifthe other eye takes a direction of the fixation 
line of the first* e To eause such a position, the eonditions of both 
eveballs must N: solutely symmetrical, and that is not the case. 
The orbits 1 sides are not symmetrical, neither are the eyeballs, 
the mug@eaXhe orbital fat, or ligaments. And even if by chance, the 
PENN he eyeballs was symmetrical by fixation on distance, it 

nf stay so on account of movements of the eyeballs as well 
movements and convergence, because if one eye gets a certain 
ls to fix on an object, it is highly improbable that this same im- 
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pulse would fix the other eye on the same object; then the different 
resistance, which the eye movements have to conquer, is in both orbits 
not the same, and so the same impulse will not give the same move- 
ment of both eyeballs. 

**But even without voluntary movements an accidental symmetrical 
position of the eyeballs cannot stay, because the static conditions of 
the orbit change every moment, the orbital fat can change in quan- 
tity. It is decreased by illness, by hunger, by fatigue, and comes back 
on recovery ; this does not go on symmetrically; the quantity of blood 
in the orbit changes with every position. Consequently there exists 
in every human being static squint, changing its amount and even 
perhaps its direction from moment to moment in consequence of the 
ever-changing static conditions and yet most of the human beings do 
not squint, therefore an apparatus is necessary which corrects this 
static squint and another apparatus which warns that strabismus is 
present. 

‘The normal human being does not squint because beginning squint 
means diplopia, and the normal human being has a great fear of 
diplopia; it makes one uncertain, dizzy, causes headache, ete., there- 
fore, one will with all his forces try to get away from those double 
| images. This horror of diplopia, which we call diplopia-phobia, is the 
| condition which warns us that we are squinting and puts in action 
| the eorreeting apparatus, the sensu motorie apparatus of our eyes. 
| Everyone who has diplopia-phobia will try to get rid of the double 
images. 
| ** We ean do this in two ways, either by bringing them together or 

by exeluding them. The first way will be ELK hen he has 
fusion tendency and when the squint angle is not la he second, 
| if there is no fusion tendency or if the angle is torse to bring the 
| images together. 
MN **Tf it is impossible to bring the images to r, one of them must 

be exeluded, and this is very difficult, E when the images are 
close together and attract too much atteyfiow, hence the squinter will 
| try to move them farther away fror other, so that he can ex- 
| clude one of them. Therefore ON o turn away one of his eyes 


| to bring the double image in such place that he can exclude it; we 
| can say that his eye flees from ouble image, so that he adds to 
un the static squint which he gànn9t conquer, a flightstrabismus. So 


MN we ean build up this sche persons, who have congenital static 
| squint. 
**In people who ca, ‘the double images together and do this a 


MN what we call te Real orthophoria is impossible beeause the 
statie eonditiond eh&nge every moment, so that also the people with 
| so-called orthgphdfia have to correct this change with their sensu- 
| motorie apy us and use the warning signal of the diplopia-phobia. 
| Orthopho ts really heterophoria with the squint angle so small 
| that w hot perceive it by our examination. 
SN tissues do not get well accustomed to the conditions then 
| NN eterophoria. 
| ‘Wonders taught us that there is a narrow connection between re- 
ction and strabismus. A hypermetropie person has to accommo- 
| Sa e much for infinity; a hypermetropie man with 4 D hypermetropia 


| .4? 
(aV 


long time, the tissues get used to it in such a way that they get 
Ko id. 


I| 
I| 
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has to accommodate for distance 4 D without converging; if he tries 
to fix on one. meter he has to accommodate 5 D and to converge only 
one meter angle; on one-half meter 6 D and 2-meter angles, etc., 
always a difference of 4 units between accommodation and converg- 
ence. Now, if people always converged as much as they accommo- 
| dated, every hypermetropie person would get convergent squint. 
This strabismus would not be concomitant, since the angle would 
be not the same when the patient looked at a distance or looked near. 
'"Happily, the connection of accommodation and convergence can 
be loosened and most hypermetropie people ean hold their squint 
latent. Others who cannot do this begin to squint. If they followed 
convergence with their accommodation, all people with the same 
amount of hypermetropia would have the same squint angle. We 
know this is not the ease. Why not? Because if anybody squints he 
will try to get rid of his double images by exclusion, and will bring 
one eye in such a position that he ean exclude; he flees from the 
double image and adds to the refraction-squint a flightsquint. So 
i we can explain why people with the same amount of hypermetropia 
have different amounts of strabismus. This explains also why cor- 
rection of refraction does not always give correction of the refraction 
squint. | 
| “Tf, for instance, a man has 15 degrees refraction squint and adds 
to this 15 degrees of flightstrabismus, then he squints 30 degrees; 
if we correct the refraction only, the refraction squint -becomes cor- 
rected ; if we do this, the first time after the patient squints, the flight- 
strabismus will vanish too; if we wait too long, the tissues have gotten 


accustomed to the wrong position, correction of refraejfn Qorrects 
only the refraetive squint, not the flightsquint, and t tient will 
| hold a certain amount of squint or try again to fi position in 


which it is easy for him to exelude."' 


Norte: (''I use two terms which as far as I k re new in ophthal- 
mology; these are diplopia-phobia and flightspNysmus. ’’) 


Contributing Causes of D mus 


The following are the chief contribgtwN causes of squint: 
1. Hypermetropia. 
2. Heterophoria. Q 
3. Anisometropia. O 
4. Amblyopia. NO 
9. Strueture,a NS: of the orbit and the eyeball. 


6. Declination 
a hee illnesses. 


| x n XO t birth. 
D ity. 


MYscellaneous causes. 


Hyp tropia.—Sinee Donders called the attention of the world 
to etiologie relationship of hypermetropia to squint in 1864, that 


| Oio has been practically universally recognized. He saw in it, 


d T. 
AS 
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however, the sole cause of squint, which latter idea has not been gen- 
erally accepted. Worth!* says: 


**Tt will thus be seen that the degree of the refractive error has very 
little to do with the question of whether the patient shall or shall not 
squint in the first instance, though, of course, when the squint is once 
established, the refractive error becomes a very important factor."' 
(p:952:) 

Worth first denies the etiologie relationship of refraction to squint 
and then in eoneluding his remarks, admits it. 

Browne and Stevenson” say: 


"Therefore, hypermetropia is preeminently the favoring circum- 
stance in the production of squint, and determines the direction of 
the movement of the visual axis."' 

The mode of action of hypermetropia in contributing to squint is 
as follows: By nature we have learned to use and associate accom- 
modation and convergence, and an excess of accommodation ealls for 
an excess of convergence. When a person with normal eyes looks at a 
distance, there is no need for convergence or accommodation, but 
when his eyes are called upon to look at an object one meter distant, 
both accommodation and convergence are called into action. He uses 
one D. of accommodation and converges one meter a 
at an object one meter distant, and on looking at @ 
reading distance), he accommodates three D. converges three 
meter angles. Now, suppose we have a case Nt) three D. of hyper- 
metropia. This patient must accommodat Q D. to see at a dis- 
tance and at the same time, if the relati accommodation and con- 
vergence were inflexible, the eyes m 


on looking 
n inches (the 


OT 


Ohverge three meter angles. 
Now, for looking at thirteen RUN patient must accommodate six 


D., and that would call for six er angles of convergence, which 


would direet the eyes to six a 'wo-thirds inches, and this would cause 
the two images to fall ot f the fovea and thus produce blurred 
images. In the intere«t avete vision, one eye is directed so as to 


receive the image o fovea, while the other is permitted to turn 


5 of convergence. This is the theoretical explana- 


in and receive th 
ticn, but, fortun z, facts and theories do not always coincide. If 
they did, Pod most of the hypermetropes would squint, and this 
is not tru 1e reason is that the relation between convergence and 
accomn d is not a cast-iron one, and accommodation and converg- 
NS NO RUE disassociated to permit the hypermetrope to see 
Ww N T. besides it is quite probable that an extra stimuli is 

it in to the abduetor museles so as to prevent an exeess of con- 


C 'cenee. (See le Fever.) 
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The very fact that so many cases of squint are cured by the use of 
glasses is sufficient proof to show the etiologic relation between hyper- 
metropia and squint. Claude Worth says (Le., p. 53): 


‘Though hypermetropia stands in some close etiological relation to 
convergent squint, it is not the essential cause of the anomaly.’’ 

Heterophoria.—Since the essential for binocular vision is two well- 
defined retinal images formed on two healthy maculae, it can be 
readily seen how anything which would prevent these images from 
falling accurately on each macula may aid in the production of squint. 
In heterophoria, if one eye fixes accurately, the other eye tends to 
turn in, out, up, or down, depending on the amount and character of 
heterophoria present. Esophoria of 10 to 15 degrees no doubt aids in 
determining convergent squint in many eases, especially if to such a case 
one adds 2 or 3 D. of hypermetropia and particularly if this is com- 
bined with astigmatism. This combination of contributing causes may 
readily determine whether a given ease shall squint or not. Hyper- 
phorie defeets are less readily overeome than the lateral.defeets. This 
ean be explained from the faet that a No. 2 or 3 prism base up or down 
will produee diplopia, whereas, a No. 10 to 15 degree prism base out 
y be as 


may be readily overecme, or a No. 6 to 8, base in, will usua 
quickly neutralized; therefore, hyperphorie defects cause? 
blurring of the two images and may aet strongly tow: XS 
squint. . Exophoria has a tendency to the production of Qe 


narked 
ródueing 
rnal squint 
only. 

Anisometropia.—Anisometropia, or unequal Mion of the two 
eyes, acts by interfering with the image of DIE Jrowne and 


Stevenson? say: 


'*So long as images of equal img: and equal sharpness are 
brought in by the refractive media, sing will the greatest degree of 
eomfort be reached by receiving eye images of the maculae.’’ 


In these cases one of the im; usually nice and clear, whereas, the 


other image is very much ed and defective or entirely too small 
to correspond with t w image. Hence, the call for fusion of 
these dissimilar images if markedly lessened, thus permitting the eyes 
to wander. BEA 1743 was first to eall our attention to the faet 


that unequal s 1 of the two eyes might cause squint. 


Amblyopig mblyopia, from whatever cause, would naturally in- 
terfere NS je receiving of clear retinal images and in turn hinder 
the pro stimulus to binoeular vision. Unilateral amblyopia is usu- 


allyetwe character of amblyopia which we find in these squint cases. 


lyópia may be congenital or acquired. Congenital amblyopia, 


.AQ 
AV 
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strictly speaking, is fortunately a very rare affection. Worth!* says 
(p. 62): 


"In the course of examining the refraction of many thousands of 
patients who have never squinted, up to the end of 1902 I only met 
with twenty-three cases of amblyopia of 6/18 or higher, which I felt 
justified in regarding as congenital.’’ 

In these cases there is no fundus lesion present, and the field of 
vision is normal. The defects seem to be a defect in the maculae. 
There is a want of a dominating macular region. The vision of the 
maculae is about the same as that of the surrounding retina. The 
vision in congenital cases ranges from 6/12 to 6/60. Worth claims 
he never saw a ease of congenital amblyopia where the vision was 
worse than 6/60. We might have an amblyopia from scars on the 
cornea, disease of the iris, congenital cataract, central retinal disease, 
or disease of the nerve. Anything which might produce decrease in 
the visual acuity in one eye might readily interfere with the innate 
desire for binocular vision and thus aid in the production of squint. 


Structure and Shape of the Orbit and the Eyeball—Donders" called 
our attention to the fact that the position of the eyeball in the orbit 
and the shape of the eye being short antero-posteriorly may make it 
more easy for the eye to turn in under a given stimulus. Many 
(Reber, Duane, et al.) think that the peculiar A QE the orbit, 
together with the shape of the eyes and possibly advantageous 
insertion of the internal recti, has much to do wit Gyre production of 


squint. 
La) . Stevens’ for calling 


tion of squint. He was 
as a determining faetor in 


Declination.—We are indebted to Dr. G 
our attention to this as a factor in the p 
so imbued with the idea that n qu 
the production of squint that he dev 


operations for its relief and 
is son, Dr. Chas. Stevens, is still 
re is no doubt but that a marked 


reported many favorable results 
a warm advocate of his o s 
deelination would Eie My fere with the proper reception of the 
two macular images an Oy: interfere with binocular vision, and 
thus aet as a cause N production of squint. 


Acute Illnesses..- (0) ^W. been recognized that squint follows many 
of the acute illnessds, CE as whooping cough, measles, scarlet fever, 
and acute co T, associated with convulsions. A majority of the 
parents O KE the child for consultation will state that he was 
all rig X after some specific acute illness. The mode of action 

RY nesses is probably as follows: The child's general condition 


in 
N par, and the nervous system is suffering from both the fever 


ig to play with or something to read, and in making an effort to see 


: A he toxemia from specific infection present. He is given some- 


get pretty reliable information 
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distinetly with an already weakened accommodation, the extra effort 
probably upsets the delicate nervous relation between accommodation 
and convergence. There are usually present in these cases other con- 
tributing causes, such as hypermetropia or astigmatism. The com- 
bination of contributing causes upsets the relation between accommo- 
dation and convergence, and the child squints. In some of the cases 
in which there were convulsions there is probably a paresis of one of 
the rectus muscles, and by the time this is relieved the habit of eross- 
ing the eyes is established. 

Injury at Birth.— These usually act by producing a paralysis or a 
paresis of the external rectus muscle and probably prevent the normal 
motor coordination (Worth) or the guiding sensation (Savage) from 
keeping the eyes straight until fusion or the natural desire for binoe- 
ular vision has developed. By the time the paralysis has been relieved, 
the desire for binocular vision has been lessened and squint now prevails. 


Heredity —There is no doubt but there is quite a marked hereditary 
tendency to squint in many cases. I have often seen it run through 
several generations. However, Donders" says: 


‘Moreover, I have not been able to satisfy myself that a special 
tendency to strabismus may be hereditary. Let me be understood. 


In a very high degree hypermetropia is hereditary. It Vu a | thing, 
with hypermetropia struetures of the eyes in one of the | ts) not to 
find hypermetropia in some of the children, but wire us hyper- 


any, certainly only the slightest influence on the h ropie childr en 
born of them." 


Notwithstanding these remarks, the MENS O° aude Worth are 
so eonvineing that it leaves little doubt. h!* says (p. 59; Ley 
‘‘Hereditary influence is à marked Safüte in any series of eases 
of convergent squint. In 1,373 or. juint in which I was able to 
was a history of squint in 

parent, grandparent, brother, e er of the patient in no less than 


metropia in the parent was eombined with i sd not, has, if 


711, or 51.78 per cent."' 

It has been my P hat heredity has its bearing on prac- 
tically every ease. T ot always expressed by a erossed eye in 
one of the parents, Abu © may be expressed in a general unstable 
nervous system. 


Miscellaneo uses.—Under this heading we might mention 
fright, irrit effect of intestinal parasites, malnutrition, general 
nervous SS SNessociated with one or more of the already mentioned 


causes ict Such attributed causes as looking at a curl, a spot 


on dp or the imitation of some one else are not of sufficient im- 


| rd 
AN 
AO 


e to deserve more than mention. 
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The following interesting remarks on the etiology of strabismus were 
received from E. Jackson just as this volume was going to press: 
“The causes of strabismus include: 


‘‘TImperfect development of the coordinating mechanism of binoe- 
ular vision. 

‘Interference with coordination by abnormal accommodation, ex- 
cessive or deficient (hyperopia or myopia). 

‘‘Reversion to the monocular vision type with diverging visual axes. 

‘‘Paralysis and paresis of the extraocular muscles, or mechanical 
interference with them. 

‘‘Worth’s fusion theory is useful, but few cases are relieved by 
the use of fusion training without other measures.’’—(Personal com- 
munication from E. Jackson.) 
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CHAPTER III 
ANATOMY OF THE ORBIT AND OCULAR MUSCLES 


It is essential for the student of squint to have at least a good work- 
ing knowledge of the anatomy of the ocular muscles and the orbit. 
In this chapter we shall present only an elementary anatomical out- 
line. For more complete information on this subject he is referred 
to the various texts diseussing it. The following deseription is taken 
from the American Encyclopedia of Ophthalmology, the Encyclopedie 
d'Ophthalmologie Francais, and the writings of Stevens, Fuchs,” 
Motais,? Dwight,* and Duane:? 


The Orbit 


The orbit is the bony eavity in which the eye is located. The bony 
rim about the orbit is very close, firm bone. This protects more se- 
curely the delicate organ which it contains. The orbital cavity is more 
or less of a cone with its apex behind and its base or overture forward 
toward the general plane of the face 

The orbital cavities are more or less quadrilateral in shape. This 
is particularly true in their anterior aspect, and more marked \ some 
skulls than in others. These two cone-shaped cavities a cy one 
another at their apices, and if prolonged, would ing bout two 

e with the 
right! gives the 
The orbital 


centimeters behind the chiasm. They each form 2 
sagittal axis of the face of about 25 to 27 degrees. 
angle between the two orbital planes as 42 to 1NA 
cavities are inclined downward and outwg qQomine an angle of 
about 15 degrees from the horizon. C) 

According to Stevens,’ the various Mepths of the average adult 
orbit, measuring from the optic foram àre as follows 

To the internal angle at its basđ?45 mm. 

To the external angle at its Ka3g, 

To the middle of the suy Gp: 

To the middle of the i1 1 


50 mm. 


h, 52 mm. 


' arch, 52 mm. 
The orbital cavities huch deeper on their medial (nasal) sides 
than on their lateral mporal) sides, as shown by Figs. 5 and 6 
taken from NT TARDE 

The several * of the orbit are spoken of as the roof, the medial 
side, the NS side, and the floor. 
A n S ' the bones of the face enter into the construction of 

N 


the or stevens’ describes the orbit as follows: 


s the roof, the largest of the four walls (paries superior), 
d'anteriorly by the orbital plate of the frontal bone, and more 


for ‘iorly by “bite é 
> 5 
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posteriorly by the lesser wing of the sphenoid. Below, the orbital 
proeess of the superior maxilla, the orbital process of the malar bone, 
and the orbital process of the palate bone constitute in their order 
from before backward the floor of the orbit (paries inferior). The 
wall of the nasal side (paries medialis), the least in extent of the 
four, is formed mainly by the os planum of the ethmoid and the 
orbital surface of the lachrymal. From before backward the four 
bones entering into the composition of this wall are: the nasal process 
of the superior maxillary, the os unguis, the os planum of the ethmoid, 
and a small part of the body of the sphenoid. The nasal process of 
the superior maxilla eonstitutes a portion of the inner anterior wall 


Ji / 
H 


x 
E 
— 
= 
= 


= | 


Fig. 5.—Horizontal section through af eii (schematic). The apex of the orbit 
is formed by the foramen opticum F. f xternal wall of the orbit does not reach 
as far forward as the internal, so that s] anterior margin, A, lies in the same plane 
as the equator of the eyeball. At e afiterior extremity of the internal wall of the 
orbit is shown the trochlea, T, wl in reality lies in the upper and inner angle of 
the orbit, and hence would not et with in the cross section of the orbit that 
is here represented. The exte rectus, e, and the internal rectus, i, bound the 
muscular funnel, tt. A porti e superior rectus (su) is cut away to show the 
optic nerve, o. S’ is tl iggePti of the superior rectus upon the eyeball lying 
oblique to the margin o Ornea. os’ is the fan-shaped insertion of the tendon 
of the superior-oblique, gs ! the line of insertion of the inferior oblique; ff is the 
frontal, ss the sagitt; Kis of the eyeball. (From Fuch’s Textbook of Ophthalmology.) 


n of the anterior floor. The lesser wing of the 
Ms optic foramen forms the posterior portion, not only 
he other wails. 

ELI ter wing of the sphenoid and the malar bone, with the 
tempi ANS censión of the orbital portion of the frontal bone, consti- 
tv NS elements of the exterior wall (paries lateralis)."' 


At the base of the orbit are a number of foramina through which 
NS 'y important vessels and nerves pass. Among these is the optic 
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foramen, whieh transmits the optie nerve and the ophthalmie artery. 
The next most important opening is the superior orbital fissure which 
lies vertieally, anteriorly, and externally to the optie foramen. This 
fissure transmits the third, fourth, ophthalmie division of the fifth, and 
the sixth nerves, and the ophthalmie vein. In the edge of the superior 
orbital fissure is to be observed a tubercle to which is attached the com- 
mon tendon of several of the ocular muscles. 

The inferior orbital fissure, located in the lower external orbital 
wall, transmits the maxillary nerve with its zygomatic branch, the 
infraorbital vessels, together with one or two small veins. There is a 


WS 


SSS 
Ss 
SSS 


Fig. 6.—Anterior orifice of the orbit with Ores The tendons of the four 
recti muscles are cut off near their ins on upon the eyeball, but the inferior 
oblique, oi, and the tendon, os, of the ‘ epior oblique are left entire. The latter 


comes out from the loop of the trochlea o the temporal side of the trochlea lies 
the outside of this there is a foramen, 


the supra-orbital notch, i, and some 
Vv’, which is not regularly presen 'anch of the supraorbital nerve. In this 


case the infraorbital foramen, At also abnormally divided into two distinct 
foramina. Z is the orifice of theNzReomatico-facial canal, fl is the lachrymal fossa. 
(From Fuchs’ Textbook of IN ; 


vology.) 
protecting sheath of fa’ 


if to be found at the posterior orbital foramina 
which encireles t Gryves and vessels, passing through. In the mesial 
wall is to be f 
ethmoid ner 
the supgMox 
vessel. 


a couple of small foramina for transmitting the 
nd vessels. A groove or foramen is to be found in 
‘ch for the transmission of the supraorbital nerve and 

he floor of the orbit is a groove for the infraorbital nerve 
‘sel. "These pass out of the orbit through the infraorbital 
whieh is about 5 to 10 mm. below the center of the lower 
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orbital rim. Mesially is located the lachrymal sae and nasolachrymal 
ducts. Just inside the border of the superior arch to the nasal side 
is to be found a small spine, the origin of the trochlea. (Figs. 7, 8, 9, 
10, and 11.) 

Angles of the Orbit.—The external or anterior boundary of the orbit 
is, for the purpose of measurement and convenience in description, 
divided into four parts with corresponding angles. 

These angles consist of two superior, known as external and in- 
ternal superior, and two inferior, known as external and internal 
inferior angles. These are not always definite angles. In fact, in 
certain types of head, the angles are practically effaced in all except 
the inferior angles. The upper border of the orbit formed from the 


Supra-orbital fissure. 


Rectus superior. 


Levator palpebrae 
superioris. 
Obliquus supra. 


Lachrymal nerve. 
Ophthmalie artery. 


"ront: erve. ^ 
Frontal nerv Optic nerve. 
Pathetic nerve. 
Oculomotor nerve 
(upper division). 


Ophthalmie vein. Naso-ciliary nerve. 


Oculomotor nerve 

lower division). 
Abducens nerve. ( ) 
Rectus medialis. 


Rectus lateralis. 
^ Rectus inferior. 


"map 


Fig. 7.—Apex of the orbit showing origir Sa aes muscles and their relations 
to the nerves and blood vessels. (After FE (ire (From Landolt, Defective Ocular 


Movements and Their Diagnosis.) 
frontal bone projects considera NE than the lower border, thus 


permitting a greater rangeggf vision downward than upward. The 


lateral border is NC S 0 millimeters shorter than the medial 
border, thus giving range of vision externally. The whole 
general form of O e. so direeted as to permit a wide range of 
movement Ag iar globe. The internal border, which is the 
fixing point kas Or: from which most measurements are made, is 


formed bx AM proeess of the frontal and nasal process of the 
superior xt lary bones. At the union of these two bones and the 
lachry p is a point known as the dacryon. This particular 

ONE point of measurement. The distance between one daeryon 
NS at of the other is known as the interorbital space. The orbital 


rpund opening to that of a quadrilateral. 


S ee vary according to the type of the skull, from practically a 
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Measurements of the Orbit.—The measurements by different eraniol- 
ogists of the various diameters of the orbit have varied considerably, 
but this is aeeounted for because of their using different. methods. 
The interorbital distanee of the female as given by Emmert is 36 
millimeters and for males 37 millimeters. The following measure- 
ments given by him for breadth and height, respectively, are: in in- 
fants, breadth, 34.5 millimeters and height 29.2 millimeters; in adults: 


Fig. 8.—Section about 12 mm. behind globe. S.R., superior rectus; L.P., levator 
palpebrarum ; S.0., superior oblique; In. R., internal rectus; Inf. R., inferjor rectus ; 
E. R., external rectus; O.N., optic nerve; F.N., frontal nerve; Inf. O.N., in€ra-orbital 


Fig. 9.—Section about 5 Odha globe. Letters as in preceding figure. (From 

| uchs extbook of Ophthalmology.) 

| breadth, 39.8 mptimeters, height, 33.16 millimeters for females; 

breadth, evi and height, 34 millimeters for males. 
Se¥Vies of measurements, found but slight difference in 


Stevens, in 
| * 


these di SN. 
lese NN ns 


Con of the Orbit.—The orbital cavity contains, besides the 
RESCUE with its muscles, including the levator palpebrarum, a 
AQyo of fatty substance and loosely connected tissue, which form 
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the bed in whieh the eye rotates, the blood vessels and nerves which 
supply the eye, the supraorbital vessels and nerves and the infra- 
orbital vessels and nerves, together with vessels of minor importance. 
It also contains the laehrymal gland, the caruncle, pulley of the tendon 
of the superior oblique, and the capsule of Tenon. 

This fatty, fibrous cushion fills the entire apex of the orbit, except 
the space taken up by the muscles, nerves, and vessels, and thus fur- 


Fig. 10.—Section about 3 mm. in front of back of globe. Letters as before. S.O.N., 
supra-orbital nerve. (From Fuchs’ Textbook of Be GU 
S.R 
In.R. E.R. 
ES; 
Ing. R. 
In{. O. 
Fig. 11.—Section * of globe. Letters as before. Inf. O., inferior oblique; 


JE SEE 
* 


nishes à Qv pad as a proteetion to the eyeball from injuries from 
in ON his fatty cushion is not of sufficient consistency to inter- 
NS h the free aetion of the museles passing through it. "While 
1 


state of health, the fatty cushion supporting the eyeball usually 


(From Fuchs’, Textbook of Ophthalmology.) 


n 


emains about the same consistency and quantity, but in emaciating 
XO: seases and often in elderly subjects this fat is materially decreased 
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and causes considerable modification of the position of the eyeball. 
The character of this fatty cushion varies with its location, that im- 
mediately surrounding the capsule of Tenon, which envelops the eye- 
ball, and also that surrounding the optie nerve consists of extremely 
fine fat cells, being held in loose meshes of connective tissue. The 
other part of the orbital fat is more firm and affords more support to 
the muscles. 


Ocular Muscles 


The ocular museles are divided into external and internal, or extra- 
ocular and intraocular. The intraocular or internal muscles of the 
eye are the muscles of the iris and the muscles of the ciliary body, 
which will be discussed later. 

We will first devote our attention to the external or extraocular 
muscles. Of these there are six in number, four straight and two 
oblique (see Fig. 7). The four straight muscles are the rectus medialis, 
or internal rectus, rectus lateralis, or external rectus, the rectus superior 
and rectus inferior. These four recti muscles take their origin from the 
apex of the orbit along the bony circumference of the foramen opticum, 
and from this point run forward, diverging as they go, forming a 
cone-shaped space known as the muscular funnel having its apex at 
the optic foramen, and its base at the eyeball (Fig. 12). A 

The optic nerve passes out from the optic foramen, NN S for- 
ward and outward through the axis of this muscul; 
inserted into the globe near its posterior pole. Wes 
short anatomic description of each muscle. Ó 

Internal Rectus (Rectus Medialis).—Thigs le has its origin in 
common with the other recti muscles in thé surface of the optie 
foramen. The orbital periosteum at its#%pex forms a strong fibrous 
ring which surrounds the optie nerve enters the orbit. This ring 
is known as the annular ligament o 1don of Zinn. This fibrous band 


supplies an unyielding e he origin of five of the ocular 
museles. 


The internal rectus has J Anes a small fibrous attachment ex- 
tending back to the C of the optic nerve. From its origin for 
about 8 or 10 mm. it G A of a round lendon. At this point 
it speedily becomesGayiscular. These muscle fibers are straight paral- 
lel fibers and e in very little connective tissue, hence they tear 


easily in NS €&itudinal direction. The internal rectus passes for- 
ward fro rigin almost parallel with the inner wall of the orbit 
and com NS contact with the eyeball near its equator and so con- 
ES EE it reaches its insertion about 5.5 mm. to 6 mm. from the 
may elige of the cornea. The anterior end of the internal rectus is 
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a flat tendon about 1 mm. thiek and 10 mm. wide and about 8.8 mm. 
in length. This muscle is 41 mm. in length, and weighs 34 gram 
(Volkmann). 


External Rectus (Rectus Lateralis).— This muscle has its origin 
from the tendon of Zinn and the fibrous sheath of the third nerve. It 
passes forward practically parallel with the outer orbital wall and 
comes in contact with the eyeball near its equator and follows it for- 
ward to be attached about 7 mm. from the lateral edge of the cornea. 
This muscle is second in strength, third in length, being 40.6 mm. long, 
and weighs "49 gram. Its tendon is 4 to 5 mm. in length and about 
9 mm. wide at its insertion, which, like the internal rectus, is prac- 
tically straight and vertical. 

Superior Rectus.—The superior rectus muscle has its origin at the 
tendon of Zinn and the border of the sphenoid fissure. From this 
point it passes upward and outward near the roof of the orbit and 
comes in contact with the eyeball near the DENT and passes for- 
ward and is inserted into the sclera at about 7.7 mm. from the superior 
edge of the eornea near the median line. ns superior rectus has a 
broad insertion, 10.6 mm. in breadth. "This insertion is not usually in 
a straight line. The inner edge is in advance of its outer edge, and, 
according to Dwight? (Norris and Oliver, p. 97), most oÅ its insertion 
is on the outer half of the eye. This is the weakest X gest of the 
reeti muscles. Its length is 41.8 mm., while its wies only 15 gram. 
The capsular sheath of the superior rectus is Sey united to the 
sheath of the levator palpebrarum. QU 


Inferior Rectus.—This muscle has its aes the tendon of Zinn 
in common with the other recti musgle a)d passes along the lower 
border of the orbit underneath the ^ and is inserted into the 
sclera about 6.5 mm. from the low@& surface of the cornea. Its tendon 
is 5.5 mm. long, 9.8 mm. in wi) and its insertion slightly curved 
forward with its center ae) © the nasal side of the horizontal 
meridian and its outer Es lohtly in advance of the inner. This 

ehs 25 gram. 


muscle is 40 mm. longya 

Superior Oblique. VO muscle has its origin at the tendon of Zinn, 
between that offfhéuhternal and superior recti from which point it 
passes upward forward along the superior internal angle of the 
orbit. Ons Ory coaching the orbital angle it is transformed into a 
round ter Case passes through a pulley, the trochlea. This is a 
S m opening situated at the orbital surface of the frontal 
b beneath the inner angle of the brow. It is lined with a 

NS membrane and permits free gliding movement of the round 
adon of the superior oblique. In passing through the trochlea the 
don is bent baekward and outward at about a 50? angle and passes 
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underneath the superior rectus and is attached to the sclera posterior 
to the equator and mostly outside the median line. Stevens? says: 


‘‘ Dividing the ball by the equator and by a vertical median meri- 
dian, a small portion of the tendinous insertion is found in hyper- 
metropie and in certain emmetropie eyes, at the upper posterior and 
inner quadrant as above remarked, while much the more extensive 
part of the insertion is in the upper, posterior, and outer quadrant of 
the selerotie surface."' 


Fig. 13.—' The relative insertions of t 
to the data supplied by Professor 


rectus; I.O., inferior oblique; Ex. B 
of the Eyes.) 


Inferior Sd y NN differs from all the other ocular 
museles in that it d O arise from the apex of the orbit. It has 
its origin from a sBeht*depression on the orbital plate of the superior 


erent muscles into the sclera (according 
S.O., superior oblique; S.R., superior 
ernal rectus. (Stevens, Motor Apparatus 


maxillary bone? he inferior inner angle of the orbit and about 
8 to 10 mm. (9 its border. From here it passes backward and out- 
ward, p NR etween the orbital wall and the inferior rectus, then 
betwe NS eyeball and the external reetus, and is united to the 
AN NS ad tendon at the superior external and posterior quad- 

s eye. The distanee of this insertion from the optie nerve is 
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Insertion of the Tendons.—It will be observed from the above de- 
seriptions that the insertions of the tendons of the various ocular 
muscles vary as to extent, position, and angle, and the measurements 
as given are only to be taken as averages. Fig. 13 taken from Fuchs, 
drawn by Stevens, shows the different variations observed by that 
master. 

The four reeti muscles have their insertion into the eyeball at differ- 
ent marginal distances from the cornea and are not usually perfectly 
concentric, nor are they perfectly symmetrical in their relation to the 
horizontal and vertical meridians. These variations are well shown in 
Fig. 14 taken from Hansell and Reber, p. 8. 
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Fig. 14.—The spiral of insertions. CRE and Reber, Ocular Muscles.) 


The Ciliary Muscles.—Ther Qu muscles in the ciliary body. 
The first musele was discov Qs Brucke, and about the same time 
lled Bowman’s muscle. The second 


ras discovered by H. Muller, and is known 


by Bowman, and is ust 
muscle in the ciliary NN 
by his name. O 
The Brueke-PWwyhan muscle was originally called the tensor 
choroideae, qs € 
aeted (Fig, 


was supposed to make the choroid more tense when it 


NN e is the larger of the two and lies on the external surface 
One Wrary body and runs from a point near Schlem’s canal back 
towa? the choroid, hence its name, tensor choroideae. The second 


scle is located much deeper in the ciliary body, and its fibers run in 


ve 


PA 


[d 


mA 


one 


4 


be 


aA 


JÉ 


AČ 
> s 
AO 


ANATOMY OF THE ORBIT AND OCULAR MUSCLES 69 


With reference to the muscles of the ciliary body, Fuehs'? has this 
to say: 


‘‘The ciliary muscle is composed of smooth muscular fibers, which 
do not present a compact mass, but are disposed in flat bundles, which 
are separated by connective tissue, and which interlace repeatedly so 
as to form a sort of plexus. For this reason, there is no well-marked 
separation between the two portions of the ciliary muscle; on the con- 
trary, the longitudinal fibers by a very gradual transformation become 
bent so as to take a circular direction. Those bundles which effect the 
transition from fibers of one direction to those of another have been 
denoted by the name of radial bundles.’’ 


T: 


Fig. 15.—The circular and radial ciliary m 
sinus ; c, pectinate ligament; d, scler A = (ear €, radial ciliary muscle; f, circular 
muscle ; g, Ciliary process; h, lens. Qe in Norris & Oliver.) 


a, corneal conjunctiva; b, scleral 


Muscles of the Iris.—T Q but two muscles in the iris. They 
are the sphincter iridis ¿ e p pupillae. The sphineter iridis 
is about one ee ad, a flat, smooth muscle which lies in the 
iris stroma at the {j ary margin. The dilator pupillae is also sit- 
uated in the gm. and extends in a radial direetion from the 
ciliary margir e iris to the pupillary margin. 


SS Arterial Supply to Ocular Muscles 
The SS 


thalmie artery, a braneh of the internal earotid, which en- 
terde orbit through the orbital foramen at the external inferior 


4 S of the optie nerve furnishes the prineipal blood supply to the 
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ocular muscles. This vessel passes from the foramen forward and 
upward along the superior inner wall of the orbit, lying between the 
external rectus and the superior oblique. At the border of the orbit 
it divides into two main branches, the nasal and the frontal. 


The ophthalmic artery in its course from the foramen forward 
passes over the optic nerve from its outer to its inner sides, and along 
this course it gives off several arteries which go to supply the lach- 
rymal gland, the interior of the eye, the tissues of the orbit, and the 
six extraocular muscles. 


The infraorbital artery, a branch of the internal maxillary, which is 
a branch of the external carotid, gives off an orbital branch, which 
supplies the orbital tissues and particularly the internal rectus, in- 
ferior oblique, and the lachrymal gland. This vessel supplies impor- 
tant collateral circulation in event of a destruction of the internal 
carotid. 


Veins 


There are two main veins which drain the orbit, the two ophthalmic 
veins, the superior and inferior, which unite behind the eyeball and 
pass backward between the heads of the external rectus, passing 
through the sphenoidal fissure, and enter the cavernous «sinus. The 
superior ophthalmic is the longer of the two and cog Qe: closely 
with the ophthalmic artery (Fig. 16). XS 

The inferior ophthalmic vein originates in th rior part of the 
orbit, being formed from the vessels from the ey face, the lids, and 
lachrymal passage, and passes underneath Or. to unite with the 
superior ophthalmic. One significant ne to be noted with refer- 
ence to the ophthalmic veins: they devoid of valves and thus 
permit more readily serious infeeBKon of the deeper structures, and 
at times eavernous sinus thromb y. 


Nerve Su the Ocular Muscles 


nerves. These are t rd (Oeulomotor, Oculomotorius, Motor Oculi 


The ocular muscle 7 their nerve supply from three cranial 
S (Trochlear), and sixth (Abducens). (Fig. 17.) 


Communis), the fou 
The Third, lomotor, Nerve.—This nerve, the most important 
nerve supply the eye, arises from a nucleus on the ventral floor of 
the 'C QNiae and aqueduet of Sylvius. Stevens" says: 
: t 


his group of nuclear cells the fibers in various small groups 


N 


thi 

* 

€ d 
SAN Nard through the nueleus ruber-tegmente to the peduneulus 
póris mammillaris, then, before uniting, emerge from the brain sub- 
ace at the line of the oculomotor groove between the two crura 
efebri, and form a fasciculus of about a dozen cords which unite at 


cer 


Fig. 16.—Veins of the orbit (from Sesmany Cav. S., cavernous sinus; Com. v., 
communicating branch between PU. Oph. V., prior ophthalmic vein, and Inf. Oph. 
V., inferior ophthalmic vein; FE. V., facial ve V. Oph. fac., ophthalmofacial vein 
passing through sphenomaxillary fissure, Trom Dwight in Norris & Oliver.) 
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Fig. 17.—Distribution of the nerves of the muscles Q eyes. (From Stevens, 


Motor Apparatus of the Cy 
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a short distance from their exit from the brain as the third cranial 
nerve. The nerve at its thickest part is about 3 mm. in diameter, and, 
according to Krause, contains about 15,000 fibers.’’ 

Fibers of most motor nerves are connected with both hemispheres. 
This has been questioned by some anatomists, but is now generally 
conceded. Alexander Bruce” claims that the anterior or ventral group 
of cells of the nucleus have a well-developed system of fibers, which 
connects each nucleus with its fellow of the opposite side. Duval and 
Labords (Stevens) have demonstrated a connection between the oculo- 
motor nerve of one side with the abducens of the other. 

The oculomotor nerve passes forward and outward between the 
posterior and superior cerebral arteries, emerges from the dura mater 
at a point where the tentorium cerebelli unites with the base of the 
skull, and from thence makes its way along the external wall of the 
cavernous sinus. At this point it receives anastomotic branches from 
the fifth and great sympathetic nerves. It passes through the sphenoidal 
fissure at its inner end. On entering the orbit the nerve is divided into 
two branches, the superior and inferior, and passes between the two 
heads of the external rectus muscle. The upper branch, the smaller 
of the two, runs forward and upward and innervates the superior 
rectus and the superior palpebrarum. The inferior branch supplies 
branches to the internal, and inferior rectus and to the jnferior 
oblique. The oculomotor nerves enter the muscles which t supply 
from the orbital side of the muscle, with the exception of inferior 
oblique, which it enters on its outer side. Q 


Trochlear Nerve, or Fourth Nerve.—This nerve & ts origin in a 
mass of gray cells in a plane of the front of the rigeminal body. 


SQ nucleus, consti- 
tutes the principal origin of the fourth or ilar nerve. These lie 
just behind the nucleus of the third nee, rom which there is no 
distinct boundary. Farther back and Q3) he dorsal side of the pos- 
terior longitudinal bundle is anot group of small cells which is 
known as the posterior meg eus. 

Passing obliquely downwaad ackward from these nuclei these 
fibers unite into CS Wd their exit at the velum medullae 
anterius. At the roof oythwsqueduct the fibers cross with their fellows 
of the opposite side. pM apparent origin, at the velum medullae 
anterius, at the pom contact of the two erura just behind the eorpora 
quadrigemina, SS 've proceeds to the trochlear muscle as follows :'? 


The group of eells, known as the anterior 


* "Turning Nr, around the superior peduncle of the cerebellum, 
and forw ss the crus cerebri, it reaches the anterior portion of 
the crus, at proceeds along the transverse fissure and between the 
eae and the superior cerebral arteries, and over the 

rotid arteries. Penetrating the dura mater beneath the ten- 


inte 
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torium, it continues its course along the outer wall of the cavernous 
sinus, in contact with and above the ophthalmic nerve and outside 
the abducens, obliquely crossing the third nerve, and enters the 
orbit by way. of the inner end of the sphenoidal fissure. It is sepa- 
rated from the other contents of the cavernous sinus by a thin bony 
partition. As it enters the orbit, it passes above the external rectus 
over the levator palpebrae and superior rectus, entering the upper 
surface of the trochlearis muscle.’’ 


The trochlear nerve communicates with the sympathetic nerve in 
its course through the cavernous sinus. It is also said to be connected 
with the ophthalmic branch of the fifth nerve, as is found with the 


Fig. 18.—Diagrammatic reprcs Qa ion of midbrain with approximate situations 
of the nuclear groups from whicl Qo third, fourth, fifth and sixth nerves. (From 
Stevens, Motor Apparatus of Q) 


third nerve, and oO Oe connect it with both the carotid 


plexus, and to co trochlear nerve. 


The Abducen Sixth Nerve.—This nerve arises from a nucleus at 
fourth ventricle just posterior to the nucleus of the motor 
; nerve, in proximity with the seventh nerve nucleus. 
ucleus the nerve passes forward toward the medial line, 


From iff 
SS Ses its exit from the medulla just behind the pons. A small 


the floor ofet 
root of t 


bu of fibers unites the nucleus with the abdueens nerve of the 
j)posite side. At a point between the anterior pyramid and the pons, 
tMe nerve has its apparent origin. From here it passes directly for- 


Fig. 19.—Aileron of the superior rectus 
(From Motais, Anatomie 
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Fig. 20.—Capsule of Tenon. Connections of the intern: 
extremity of the muscle and the tendon. CTI, internal capg 
extremity of the external rectus DE, from the point 
aileron ADE and the profound portion of the sheat 
ternal capsule connecting in like manner with the ar r extremity and the tendon 
of the internal rectus DI, its ligamentous aileron§giDIN and the profound portion of 
the sheath CHP, CES, CES, superficial portionsmp& the sheath of the internal and | 
external rectus muscles. FC, subconjunctival Qi DS, superior rectus muscle. | 
DI’, inferior rectus muscle. (From Motais, And vie de l'Appareil Moteur de VOeil.) | 
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ward, piereing the dura mater, enters the cavernous sinus, in which 
it lies close to the floor and in contact with the lateral side of the 
internal carotid artery. The abducens enters the orbit through the 
sphenoidal fissure beneath the other nerves and passes between the 
two heads of the external rectus. This nerve also has connections 
with the sympathetie plexus and the ophthalmie nerve. 


Nuclear Origin of the Ocular Nerves.—The nuclear origin of the 
three nerves which supply the ocular muscles is to be found in the 
midbrain on the floor of the third ventriele, extending from the level 
of the posterior eommissure to in front of the anterior corpora quad- 
rigemina and baekward to about half-way between the anterior and 
posterior quadrigemina. These consist of groups of cells, which lie 
in more or less order from before backward, extending along the floor 
of the aqueduct of Sylvius to the fourth ventricle. Each group of 
cells constitutes the nuclear origin of one of the motor nerves of the 
eye, consisting of the third, fourth, sixth, and also nuclear origin of 
the fifth nerve. 

Fig. 18, taken from Stevens (p. 75), will aid the student in getting 
a better mental grasp of the nuclear origin of the various nerves sup- 
plying the ocular muscles. 


Capsule of Tenon 


eyeball and muscles and attaches it to the orbital walls ang nS pro- 
tection and support to both. By means of this system sela, the 
contents of the orbit are fixed in place. It is owing ^m that the 
eye does not lose its place when performing its mgxQnents, but turns 
about a fixed center. These fasciae pass from th er to the walls 
of the orbit and act as restraining appara Qh prevents the ex- 
treme excursion of the eyeball. Galen A ns this membrane as 
Tunica Sexta. After him, R. Columbus%n the sixteenth century de- 
seribed the eapsule under the name of Kita Innominata, but these de- 


The eapsule of Tenon is a fibrous tissue membrane which Cy. the 
0 


seriptions were vague and no een udy was made of this membrane 
until it was described by Tenon” 06. His deseription was so accu- 


rate and definite that this Q 1e or capsule has been known as 
Tenon's capsule since his Y After Tenon, Malgaigne, Baudrue, 
Bonnet, and others "ed resting investigations of this capsule, but 
we owe to Motais' painstekine work much of our present knowledge of 
this eapsule. (Sè (3 19 and 20.) 
The diffieulty Oe an accurate description of this extensive, 
complicateç Nn: can be appreciated from the following remarks 
of Dwigh Y ireferenee to it. He says: 


renuity of those who describe it."' 


een of this membrane are limited only by the per- 


d 
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SV 
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This membrane may best be described by dividing it into three parts: 


1. Internal capsule. 
2. External capsule. 
3. Orbital ligaments. 


Internal Capsule (Tenon’s Capsule, Orbital Fasciae).— This capsule 
forms the real socket in which the eye is moved. The capsule begins 
at the fibrous ring about the optic nerve as it makes its entrance int% 
the orbit and covers the optic nerve as an outer sheath and follows 
it to the sclera, to which it is closely attached about the scleral en- 
trance of the optic nerve. This capsule lines the orbital fat about the 
surface of the eyeball and on its bulbar surface is covered with epi- 
thelial layer. Between this membrane and the eyeball are to be found 
fibrous thread-like attachments. The space between the eye and this 
capsule is supposed to be a lymph space, connected with the supra- 
vaginal space on the outer side of the dural sheath. 

Behind the insertion of the muscles the capsule is reflected back- 
ward and forms a common aponeurosis which connects the ocular 
muscles. This portion of the capsule is known as the muscle capsule. 
It here invests each muscle, being thickest at its tendon and extend- 
ing backward on each until it is lost in the muscle sheath. 
egins where 
matter of 
merely re- 


External Capsule.—This portion of Tenon’s capsule 
the tendons are supposed to perforate the capsule. 
fact, they do not perforate the capsule, but the ca 
flected back upon the muscle. This capsule may nsidered as two 
layers of fibrous tissue, one on the inner and other on the outer 

(OX The inner layer is 
ANmeters behind its inser- 
tion. The external layer is [ru ed to the tendon until it 
arrives within a millimeter or twapf insertion, and then it passes 
forward and is attached to the “a near the cornea. The capsule 
in this location surrounds “O ior portion of the eye as a fibrous 
band. (Figs. 21 and 22.) 


surface of the muscle at its tendinous in: 


reflected back upon the muscle several 


Orbital S. (Ligamentous Ailerons.) 


internal and e al muscles are strong fibrous bands, known as 
check ligame which run from these tendons and are attached to 
the bony E and externally. .These fibrous bands at 
times, e ce muscle fibers and are sometimes called orbital museles.!* 


Ives two ligamentous connections with the superior oblique. 
RS berior oblique has two check ligaments, according to Duane, 


Connecting "s a above-deseribed eapsule at the tendons of the 


njl attached to the tendon between the trochlea and the eyeball. 


a attached to the muscles before it reaches the trochlea, and a sec- 


- 


~de o, 


Fig. 21.—Diagram (schematic) of the ca of Tenon in man. Vertical section 
passing through the superior and inferioz,rectus muscles. 

CE, CE, CH (red), aponeurosis or Qo capsule forming the sheath of the 
muscles. CEP, CEP, profound portig the half of the globe. CHM, superficial 
portion of the sheath of the superior Nus muscle folding back to form the sheath 
of the muscle lifting the eyelid. terminal lamellae of the aponeurosis re- 
turning to the orbit and to thet MfS cartilages. FS, FS, subconjunctival fascia. 

CI, CI (blue), bulbar or infwrMal capsule, serous membrane of the eye. Cl’, in- 
ternal capsule folding back the profound side of the tendon and the muscle, 
which it covers up to , I, where the external capsule leaves the muscle. 
CI", internal capsule in fron the tendon and the anterior extremity of the muscle 
circumscribing a serous Sac igidicated by the blue stippling. It stops behind the point 
where the external capsu eaves the muscle to proceed toward the orbit; forward, 


it is inserted into «th lerotic with the tendon, instead of extending up to the edge 
of the cornea like ibeonjunctival fascia, F'S. 

ADI, aileron inferior rectus DI redoubling upon itself to envelope the little 
oblique muscle, DS, superior rectus muscle. R, lifting muscle of the eyelid. LS, 


I, inferior tarsal cartilage. CON, CON, conjunctival space. (From 


tarsal car 2 
N e de l'Appareil Moteur de l’Oeil.) 


superior t: ANT al ligament. LI, inferior tarso-orbital ligament. TS, superior 
1 


\ 


Fig. 22.—Diagram of the capsule of Tenon in orizontal section passing 


through the externa! and internal rectus muscles. 


CE, CE, CE, CE (red), aponeurosis or exterr capsule forming the sheath of the 
muscles. CEP, CEP, profound portion of the she%h of the muscles folding backward 
to cover the posterior half. ADE, external mentous aileron. ADIN, internal 
ligamentous aileron. FS, FS, subconjunctival ia. 


and the muscle up to the point J. CI", internal capsule in front of the tendon 
and the muscle which it covers up to int I, where the aileron leaves it; cir- 
cumscribing a serous sac BS, BS, (7, by the blue stippling; then stopping be- 


CI (blue), internal capsule, CI' 1 Opto: folding back under the tendon 


fore the tendinous insertion I’. 
DI, internal rectus muscle. ] 
de VAppareil Moteur de VOeil.) 


ce 
GV 


S 


nal rectus muscle. (From Molais, Anatomie 
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Motais found similar bands extending from the recti muscles and the 
superior oblique; but these are much smaller than the internal and 
external. There are also similar bands connecting the superior pal- 
pebrarum and thus the upper lid. There are also bands connecting 
the superior reetus and inferior oblique muscles, and a rather strong 
ligament connecting the inferior rectus with the orbit. These check 
ligaments are very important from a surgical standpoint in operating 
upon eases of squint. 
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CHAPTER IV 
PHYSIOLOGY OF THE MUSCLES OF THE EYE 


In order to understand the actions of the ocular muscles, both in- 
dividually and collectively, it is necessary to know not only their 
origin and insertions but also their relative strength and their pecu- 
liar individual plane of insertion to the eyeball. 

The eyeball is situated in Tenon’s capsule, and moves about in it 
by means of the action of the various ocular muscles similar to the 
movements of a round ball in a socket. 

For purposes of study, the head is divided into different planes and 
the orbit into others, while the eye itself has its axes, poles, meridians, 
and equator. We shall diseuss these elementarily before taking up 
the actions of the muscles. 


Planes of the Head.—The two important planes of the head are the 
median and the horizontal. The median plane is a fixed vertical plane 
which divides the head into two hemispheres. It is a vertical plane 
passing from above downward between the hemisph of the cere- 
brum and midway between the orbits, thus divic i head into 
two equal parts, as indicated by the line ab in 29 

The horizontal or transverse plane in ideall strueted heads, for 
purposes of study, should pass through "XO er of rotation of each 
eye, through the chiasm, and would pagXDackward approximately 
between the cerebrum and cerebell ] remain at all times per- 
pendieular to the median plane. Q 

Frontal Planes.—Frontal pla: S vertieal planes at right angles 
to median planes. O 
Cpr plane is a vertical plane running 
either in or parallel to the median plane. 

The two parts SeN by a median plane are the right and left 
hemispheres. The parts separated by a horizontal plane are the 
jor. The two parts separated by a frontal plane 
are the anterjpr and posterior. 

Point, 


Sagittal Planes.—The s 
from before backward, 


superior and 


and Line of Regard.—The point of regard, or the 
point of ition, is the point fixed by the two eyes, being a point 
whe NS visual lines of the two eyes meet in binocular vision. 

Line of Regard, or visual axis, is a straight line drawn from 
he object fixed through the center of rotation of the eye to the 
heat 


76 
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The Plane of Regard is a plane drawn by and included within the 
two lines of regard. 
The Field of Regard is the field which the point of regard may 
traverse. This is always less than the visual field. 
The Base Line is a line drawn between the center of motion of the 
two eyes. 


€ a 
i 


Fig. 23.—Planes of Ge NY. Stevens, Motor Apparatus of the dcs) 


The median line of plane of regard is a line drawn from the 
middle of the bat Go to the object of fixation. 

There are tw NT of reference which are of partieular value in 
the study NN ocular movements. As above stated, these are the 


median ere "20ntal planes. Fig. 24 taken from marae’. represents 
these pl and is aptly deseribed by him as follows 


NO. re 1 [Fig. 24] represents these two planes, also the two eyes 
xy NE orbits. The line AB is the fixed vertieal median plane of the 
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head; CD is the fixed horizontal plane of the head; gh and gh are the 
vertical axes of the eyes, and ef and ef are the horizontal or trans- 
verse axes of the eyes. In orbits, whether well formed or malformed, 
the eyes must have their vertieal axes, gh, parallel with AB. In well- 
formed orbits, the eyes must have their transverse axes, ef and ef, 
lie wholly in the fixed horizontal plane of the head, CD. "This is true 
whether the eyes are in the primary position or rotated in either one 
of the four cardinal directions or into any oblique position. Eyes 
eontained in malformed orbits—malformed in the sense of being too 


A 


Fig. 24.—' The hgrizontal and median planes of the head. (Modified from Savage, 
* Ophthalmic Myology.) 


low or OL have their transverse axes lie in the fixed 
hori NN plane of the head, but these axes must be parallel with this 
p NN 'hether above or below it, and that, too, regardless of the 
NS n occupied by the visual axes. 

“The parallelism of the vertical axes of the eyes with the median 


eyes within the horizontal plane of the head, give us correct ideas of 


oO ne of the head, and the including of the transverse axes of the 
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vertieality, horizontality, and obliquity of lines in space, and that, 
too, regardless of the position of the head. A line that is seen vertical, 
when the head is in the primary position, will appear vertieal still if 
the head be inclined 45 degrees to the right or left, or to any other 
extent."' 


Poles of the Eye.—The anterior pole of the eye is the midpoint of 
the cornea in front. The posterior pole is the midpoint of the sclerotic 
behind (Maddox). (Fig. 25.) 


ANT * PolE PosT5 Pole 


Fig. 25.—Poles of the eye. (From Maddox, The Ocular NY 


e, 
NC 
Fig. 26.—Equator of C . (From Maddox, The Ocular Muscles.) 


Savage’ claims thaKalJcorneo-retinal meridians cross at the macula, 
and for that om macula must be the posterior pole. Reasoning 
thus, he claims I 


The Opti 


otic axis and visual axis are identical. 


of the eye is a line running from the center of the 
i the center of rotation to the retina, thus connecting 


cornea NS 
the twory es. 


C Visual Axis is a straight line drawn from the fixed object 
h 


t gH the center of rotation to the macula. 
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The Equator of the eye is a belt of the globe midway between the 
two poles. (Fig. 26.) 

Meridians are circles which pass through both poles with the optie 
axis of the eye as their common diameter. 

In studying the eye, it is treated as though it were a sphere. "This 
is not strietly true, as it 1s usually flatter before backward and with 
an extra curved surface in front, the cornea. 

Center of Motion.—According to Helmholtz, the length of the nor- 
mal eye is 23.266 mm., and according to Donders, the center of motion 
in the emmetropie eye is 13.45 mm. behind the anterior surface of the 
cornea. In the hypermetropie eye it is less, and in the myopic eye, 
more, depending entirely on the diameter of the eye. Thus it will be 
observed that the center of motion may be said to be 1.5 mm. poste- 
rior to the center of the globe. Most writers refer to the center of 
the globe as the center of motion. In a recent article in the American 
Journal of Ophthalmology, George, Torens, and Lowell have pre- 
sented a very interesting investigation made by them with reference 
to the center of motion. After examining several hundred eyes with 
a specially constructed instrument, they came to the conclusion that 
the center of motion is ‘‘15.4 mm. posterior to the corneal vertex and 
1.65 mm. nasalward from the visual axis." This, you will observe, is 
about 3.5 mm. posterior to the center of the globe and about 2 mm. 
farther back than is given by other authors. ee deserves 
our careful study, as it is a vital point in the CORN (ton. of squint by 
accurate measurements. Qy 

Movements of a Sphere (Maddox).—A4fNeély movable sphere is 
eapable of six independent motions. AN e translated as a whole 
in three directions at right angles O ch other. The axes about 
which a sphere may rotate are th "wal axis, the transverse or hor- 
izontal axis, and the sagittal R and aft axis. Rotation in any 
other direction becomes a ro about two or more of these axes. 
A sphere which possesses three degrees of rotation can rotate in 
any conceivable H ON) Je will now consider the ocular motions 
as related to those i5 ere. 

Ocular Motions NA. the eyes are fixed in the orbit, they cannot 
be translated (n ce in any direetion. We have seen in the study 
of the anatogmw9 6f the orbit and its contents that the eye is freely 
movable f ny directions. We shall now see about which axes the 
eye is 3Yo rotate. 

NN ye is privileged to rotate only about its vertical and horizontal 
AN hsverse axes, and to a very limited extent about its fore and 

t 


(sagittal) axis. These axes are considered fixed in the head; 


f 
be bus we see that the eye movements are practically limited to rota- 
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tions about the two planes, the vertical and the horizontal. The eye 
is still able to rotate about all conceivable diameters of one plane, 
Listing’s plane, that plane in which the vertical and transverse axes 
lie. Maddox* gives us Listing's plane as follows: 


‘‘Listing’s plane passes through the center of motion of the eyes, 
and is a vertical transverse plane (corresponding to coronal section) 
fixed in the head, and perpendicular to the fore-and-aft axis, about 
which rotation is denied.”’ 


c 


Fig. 27.—Horizontal and vertical axes. AB, horizontal axis; CD, ] axis. 


RY 
EN 
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Fig. 28.—Visu NY EF, fore-and-aft axis. 


Primary i iae CER head is held erect and the eyes are 
direeted to infinity Gey the horizontal plane, they are said to be in 
their primary posi N 

Primary Ne will observe that the movements of the eye 
ean be NN rn about three primary axes, all of which are per- 
pendiculay to*eaeh other, and cross at the center of rotation. (Figs. 


21 an 
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The vertical axis, about which all lateral (right and left) movements 
take place. 

Horizontal or transverse axis (ie. from right to left) about which 
all vertieal (up and down) movements take plaee. 

Sagittal axis (fore-and-aft) (Maddox) runs from before baekward 
in line of vision, and all movements about this axis are wheel-like and 
are ealled torsions, by which the upper extremity of the eye is turned 
in or out (Duane). 

Actions of the Ocular Muscles.—In studying the plane of action of 
any ocular muscle, it at once becomes necessary to determine the 
plane of that particular muscle. 


A 


Fig. 29.—Horizontal section of a right ey Qu... anterior pole of the eyeball, 
and P is the posterior pole, so that AP @ ptic axis. The line DE is the 


Ine 
transverse axis; IS is the axis of ropati€g gor the superior and inferior recti, 
and I'S’ is the axis of rotation for the obf@ues.. (From Maddox, The Ocular Muscles.) 


Aro e O 
Savage? says: 


‘‘The axis of rotation o ye by any one musele must be at right 
angles to the plane of pen for this muscle. This plane must bi- 
sect the muscle at NN Aoin and at its attachment, and must also 
pass through the e x of rotation of the eye. 

“There are tfffe&uJoints through which this plane must pass, viz., 
the center of rd¥atgon of the eye, the center of the origin of the mus- 
cle, and theg@gnter of attachment of the musele.?' 


There Wily two muscles of the eye whose actions correspond to 


any EON planes of the eye. These two are the rectus internus 
Nd) and the rectus externus (lateralis). The planes of these 


( NN 

» uscles are practically identical with the horizontal plane of the 
e, and they may be considered to be the only muscles which rotate 
tlfe eyes about one of the primary axes. 
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Rectus Internus.—Adducts the eye practically directly inward along 
the horizontal plane. 


Rectus Externus.—Abduets the eye, causing it to turn outward 
along the horizontal plane. These two muscles may be said to be the 
only ones of six muscles to have a simple action, as the action of the 
four other muscles is complicated, and they do not move the eye in 
any one of the primary axes. Savage claims that often the actions 
of the internal and external recti are not simple, in that they either 
move the eye slightly above or below the horizontal plane due to 
faulty attachments to the globe. 


Rectus Superior.—It will be observed from the anatomy of the mus- 
cles that this muscle runs from the apex of the orbit forward, upward, 
and outward, hence its axis does not correspond with either the sagit- 
tal (fore-and-aft) or median axes of the eye. Its insertion being in 
front of the center of rotation, it elevates the eye and adducts it, and 
at the same time it rolls (intorts) the upper meridian of the eye in- 
ward. It then is an elevator, adductor, and intorter. Fig. 29. from 
Maddox gives the planes of action of the superior and inferior recti 
and the two obliques. 

The plane of the superior rectus makes an axis of about 30 degrees 
from the transverse (horizontal) axis (Mauthner). 


Savage? says: «e 


**For simplicity of study, it may be considered, the , that there 
is a common plane of rotation for both the superief and the inferior 
recti, and that the plane is vertical, forming i y? e of 27 degrees 
with the vertical anteroposterior plane of the We" The axis of rota- 
tion must be at right angles to the musg dhe, and consequently 
must form an angle of 27 degrees with thi mNverse axis, but in the 
horizontal plane with it."' 


Rectus Inferior —The inferior rect as has been seen (see Anat- 
omy), deviates outward from its ffPiein on its way to its attachment 
to the eye anterior to the cer VE s It eauses the eye to 
turn down and inward UN same time tilts the upper meridian 


of the cornea outward. e it is seen that the inferior rectus is a 
sursumductor, adductgr, 1 extorter. 

Oblique MS Wok complicated anatomy of the superior ob- 
lique does not «p the study of its actions more intrieate, as its 
plane of aetior NS be taken from the trochlea to the muscle’s inser- 
tion into {I ball, the trochlea being from a physical standpoint 
the NN he muscle. The muscle passes from the trochlea back- 
ward SN ownward and is inserted in the superior: portion of the 


eye iterior to its center of rotation (the equator). Its chief action 
Nt rn the vertieal meridian of the eye inward, but sinee it is 
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attached to the posterior pole of the eye, it draws this up and causes 
the cornea to turn downward, and since it is attached beyond the 
center of rotation, it causes the cornea to face outward. Thus, the 
superior oblique is an intorter, depressor, and abductor. 


Oblique Inferior.—This muscle has its origin in the margin of the 
orbit near its inner angle. It runs upward and backward to be in- 
serted into the eye posterior to its equator. Being inserted in the 
posterior half of the eyeball, it aets to pull this portion of the eye down 
and in and thus turns the eornea up and out; at the same time it 
turns the vertical meridian outward (extorts). It is then an elevator, 
abductor, and extorter. The plane of action of the oblique muscles 
forms an angle of from 35 to 40 degrees with the visual axes (Stevens). 

Main and Subsidiary Action.—Preeminent and subsidiary (Mad- 
dox); principal and subordinate (Savage). 

Each ocular muscle, with the exceptions of the internal and exter- 
nal reeti, has a main and a subsidiary action. The main action dom- 
inates the movement of the eye in the plane of the action of the 
individual muscle, and when the eye has turned out of the particular 
muscle plane its action becomes subsidiary, and some other musele 
whose plane more nearly eorresponds with the optie axis in that po- 
sition becomes the main or dominating muscle. These actions are 
expressed by Duane? as follows: X ! 

“The main action increases as the subsidiary AN s, and viee 
versa. 


“The main action increases in one special adikection of the gaze. 
These facts are shown in the table subjoine 


‘‘Superior Rectus: Main action moves 1p; action increases as 
eye is turned out; becomes nil when e rned in. 

‘‘ Subsidiary action adducts eye ates vertical meridian in- 
ward; action increases as eye is tar n. Raises upper lid. 

«Inferior Oblique: Main actif moves eye up; action increases 


as eye is turned in; becomes nil en eye is turned out. 

<‘ Subsidiary action addue ye and rotates vertical meridian out- 
ward; aetion inereases as s turned out. 

'Inferior Rectus: M tion moves eye down; action increases 


as eye is turned out NS měs nil when eye is turned in. 

“Subsidiary acti N ucts eye and rotates vertical meridian out; 
action increases Q is turned in. Pulls down lower lid. 

* Superior OlWiqge: Main action moves eye down; action increases 
as eye is tur~ed in; becomes nil when eye is turned out. 

« Subsidtagt duction adducts eye and rotates vertical meridian in; 
action ines as eye is turned out. 


tic Action .—Museles which aid the main acting muscle 
inWWhing the eye in a certain direction are called synergists. 


X neoninis Action.—Muscles which rotate the eye in opposite di- 
rations to the plane of a certain muscle are called antagonists. There 
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are only two perfect antagonists. These are the internal and external 
recti. The superior and inferior recti antagonize one another in their 
main action, but are synergistie in that they are adduetors. The two 
obliques are antagonists in all actions, except that they both are 
abductors. 

The four recti are antagonists to the obliques in that they draw the 
.eye backward, whereas the oblique draws it forward (Duane). 


Associates.—Every eye muscle has a true associate in the other eye. 
The right internal rectus with left external, and vice versa; the supe- 
rior rectus of one eye with inferior oblique of the opposite; the infe- 
rior rectus with the opposite superior oblique. 

The general control of the eye in all directions is well expressed by 
Dwight,’ who says: 


‘“‘ Practically, it is to be remembered that it is very unlikely that 
one or even two of these muscles ever act alone. The accuracy of 
any movement is due not alone to the pull of the muscles to which 
it is usually ascribed, but also the graduated resistance of the antag- 
onists. Probably the simplest movement of the eye is made by more 
or less active concurrence of all the muscles.’’ 


Along the same line, Browne and Stevenson? remark: 


“The eyeball does not turn upon a pivot, nor is it seatec a well- 
fitting socket like the acetabulum ; it is supported in a tbe cap- 
sule of Tenon—and for every movement it is drawn Rg) y all the 
muscles. It is not turned simply by one muscle pulled the oppo- 
nent relaxing, as it would be in a mechanism AN ot hard rigid 


tissue." x$ 


Duane’ expresses this action as follows: 


‘‘Opposing muscles act not only to gh reverse, or modify the 
movement initiated by the antagonist% but also by their counter- 
action make the movement of a movi(gyye steadier (see pp. 710 and 
121), and, furthermore, maintain ance of the eye when at rest. 
Quite certainly all the museles ot in this aetion, so that when 
the eye is at rest it is maintall position by the balanced contrac- 
tion of all six muscles. Tha specially the case when no one of the 
six is predominantly aetir ut all are equally relaxed, yet maintain 
their normal tonus. lis is the ease, the eye is said to be in the 
primary position (oÑ pdgition of equilibrium). In normal subjects 
each eye is then djrecmfd straight ahead in the horizontal plane, the 


visual axes bei rizontal and parallel with the sagittal plane. 
When otherwig rected, the eye is said to be in a secondary posi- 
tion."' 


* 


This SM aetion of the entire musele foree is expressed by 


Savage 


follows: 


NO. very aet of binoeular single vision, the triple task imposed 
n 


O 


Ke twelve muscles, by the imperious law of corresponding retinal 
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points, must be performed. The keeping of the visual axes in the 
same plane is the chief work of the superior and inferior recti, but 
they are aided in this work by the obliques, which are also subvertors 
and supervertors. The intersecting of the visual axes at the point of 
fixation is the ehief, sometimes the only, work of the interni and ex- 
terni; but the interni are helped by the superior and inferior reeti, 
so that the point of intersection may not be beyond the object; while 
the obliques assist the externi to prevent the intersection from taking 
place between the observer and the object. The paralleling of the 
vertical axes of the eyes with the median plane of the head is the chief 
work of the obliques, but in doing this work they are hindered rather 
than helped by the recti. In subversion, the superior obliques aid 
the inferior recti; but at the same time the former must counteract 
the mischievous outward torsioning effect of the latter. In super- 
verting the eyes, the inferior obliques help the superior recti, but the 
former must oppose the inward torsioning effect of the latter. 

** Rotation to the right or left in the horizontal plane is effected by 
all the twelve muscles under the stimulus of seven of the nine con- 
jugate innervations, the subverting stimulus perfeetly neutralizing 
the superverting stimulus, and the imtorting stimulus just as com- 
pletely neutralizing the extorting stimulus. The axis of rotation is 
the vertieal axis of the eye, and there ean be neither elevation, depres- 
sion, nor torsion while this rotation is being effected. It can hardly 
be elaimed that the conjugate stimulus, whieh would move the eyes 
in opposite directions, plays no part; for, if both eyes are to be 
rotated direetly to the right, the internus of the right dnd the exter- 
nus of the left must have a control current of nerye(immulse sent to 
them, but a eurrent much less powerful than is s ae right ex- 
ternus and left internus. This is as necessary at the conjugate 
innervation of the subvertors should be neutr, 1 by the conjugate 
innervation of the supervertors. Thus it d seem clear that in 
every rotation of the eyes all twelve of iuseles are called into 
harmonious action under the influence en of the nine conjugate 
innervations, and all in obedience t w of corresponding retinal 
points. With mathematical pregisi all ocular motions must be 
accomplished.” K 


Qi another, not alone by the main 
ts synergists, but is aided in this mo- 
its antagonists, whieh steadies the eye 


The eye moves from one 
action of a single muscle 
tion by the control act) 
in its movements PAN. 
a stop with its S 

Duane? gives(thejaetion of each muscle in moving the eye about the 
two MET, as follows: 


Aents too rapid movements and too sudden 


« AbduffW)w. The eye is carried straight out by the external rec- 
tus asg especially toward the end of its eourse by the two ob- 
lic nN je latter nullify each other's vertical and torsion action, so 


Un 


tINNNIe eye moves straight out and its vertical meridian remains 
'erNeal. The external rectus pulls the outer canthus outward. 

* Adduction. The eye is carried straight im by the internal rectus 
a$8sisted, especially toward the end of its course, by the superior and 
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inferior recti. The latter nullify each other’s vertical and torsion 
action, so that the eye moves straight inward, and its vertical merid- 
ian remains vertical. The inner canthus is pulled back and inward. 

“Elevation. The eye is carried straight up by the superior rectus 
and the inferior oblique, the external and internal recti probably act- 
ing to steady it in its course. The two elevating muscles counteract 
each other so far as regards lateral action and torsion, so that the 
eye moves straight up and the vertical meridian remains vertical. 
The superior rectus helps to lift the upper lid. 

“‘In moving up and out, the eye is carried up mainly by the supe- 
rior rectus; out by the external rectus, assisted by the inferior ob- 
lique. The vertical meridian is tilted outward. 

‘‘In moving up and in, the eye is carried up mainly by the inferior 
oblique; in by the internal rectus assisted by the superior rectus. The 
vertical meridian is tilted inward. (Fig. 30.) 


Fig. 30.—Position of vertical meridian of the cornea with diéf@gerit directions of the 
eye. (Stevens, Motor Apparatus of the 


** Depression. The eye is carried straig (| by the inferior rec- 
tus and the superior oblique, the externa iternal recti probably 
acting to steady it in its descent. Theat and the torsion actions 
of the two depressors nullify each othe that the eye moves straight 
down and its vertical meridian a di eren The inferior rectus 
assists in depressing the lower liy 

‘‘In moving down and out, Q9 is carried down mainly by the 
inferior reetus, out by INN ie? rectus assisted by the superior ob- 
lique. The vertical ss G inward. 
Q b NN eye is earried down mainly by the 
y te internal rectus aided by the inferior rectus. 
s tilted out."' 


‘In moving down 
superior oblique, in 


The vertical moO 


c Binocular Movements 


Duan SS s the field of action of the various muscles in the car- 
S ons, as follows: 


dinal 


Sk muscles of the two eyes may be grouped according to their 


S» 


tion as follows: 
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1. Lateral Rotators 


Right Rotators Left Rotators 
(Carrying both eyes to right) (Carrying both eyes to left) 
R. external rectus R. internal rectus 
L. internal rectus L. external rectus 


II. Elevators 


Right-hand Elevators Left-hand Elevators 
(Acting as elevators mainly when eyes (Acting as elevators mainly when eyes 
are directed to right.) are directed to left.) 
R. superior rectus R. inferior oblique 
L. inferior oblique L. superior rectus 


III. Depressors 


Right-hand Depressors Left-hand Depressors 
(Acting as depressors mainly when eyes (Acting as depressors mainly when eyes 
are directed to right.) are directed to left.) - 
R. inferior rectus R. superior oblique 
L. superior oblique L. inferior rectus 


“The twelve muscles of the two eyes are thus divided into three 
groups of four each; and each group comprises two pairs of muscles, 
cne muscle of each pair being in the right eye, the other in the left. 
The two muscles of each pair are called associates. 

‘It will be seen that each pair of associates has We 
field of action (i.e., direction of the gaze in which HN 


viZ.: Q 


Eyes directed to— Muscle predom ors 


redominant 
t active),’’ 


Right R. external rectus L. internal rectus 
Left R. internal rectus L. external rectus 
Up and right R. superior rg ae L. inferior oblique 
Up and left R. inferior o L. superior rectus 
Down and right R. RO us L. superior oblique 
Down and left R. wise blique L. inferior reetus 
The four primary or ci Ms directions of gaze are up, down, right 


and left. The oblique Ux S of gaze (ie. up and right, down and 
right, down and left, 1pZand left), are called the diagonal direc- 
tions. The observat] 


© the movements of the eyes in the diagonal 
directions togetl h that of the simple right and left movements 
are of great aid iagnosing paralysis, and these are termed the diag- 
nostic direatif ys ( Duane!?). 

There 2 eo distinet binocular movements which deserve attention 
—conj1 Wt movements and disjunctive. In directing the eyes in the 
dif elds of regard, the two visual axes are direeted toward the 
NNI, the object fixed. These are called parallel movements of 

e two eyes. In the lateral movement to the right, the eyes are 


Nes ved by the two right rotators (right external reetus and left in- 
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ternal reetus) and to the left they are moved by the two left rotators 
(the right internus and the left externus). 

Elevators.—It requires the action of four elevators to move the eyes 
straight wp, besides the steadying influence of the external and internal 
recti, and to keep the vertical meridian straight the two obliques are 
probably brought into play. 

Up and to right requires two right-handed elevators, two left-handed 
elevators, two right rotators, and both vertical meridians are rotated 
to the right. 

Up and left requires two left-handed elevators, two right-handed ele- 
rators, two left rotators, and both vertical meridians are rotated to 
the left. 

Straight down. The two eyes are moved straight down by four de- 
pressors (two inferior recti, two superior obliques), steadied in their 
course by the internal and external recti. 

Down and right requires two right-handed depressors, two left-handed 
depressors, and two right rotators, at the same time the vertical merid- 
ians are rotated to the right. 

Down and left requires two left-handed depressors, two right-handed 
depressors, two left rotators, and both vertieal meridians are rotated to 
the left. 

Conjugate Innervations.—Maddox,'' in 1898, stated that 1umber 

levates 
e right, and 


of known conjugate innervations was five, ‘‘of whic 
both eyes, another depresses them, a third turns both 
a fourth both to the left. The fifth is the converge” innervation.’’ 

Savage is much more liberal. He claims they Gy 
innervation centers for the control of the tw Ne ince oeular mus- 


**nine conjugate 


cles; that five of these centers are connecte R the eight recti muscles, 
each center with two muscles, one of whfüghWeefones to the right eye and 
the other to the left eye; that four of t jne centers are connected with 


the four oblique muscles, each center“With two muscles, one of which 
r to the left eye." It is Savage’s 
nters are in the cortex near or in 


belongs to the right eye and the 


opinion that the nine conjugs 


the anterior part of A area. 


Savage”? says: 


** From each O center go two fibers, or two sets of 
fibrils; one eog a à single muscle on the corresponding side, the 
other crossing N edian line goes to a single muscle on the opposite 
side. These x es, thus united with a common center, constitute a 
pair. Evéc the centers formed in the cortex of one hemisphere 
exist 1 tcate in the other hemisphere and each duplicate center 
must NN 


, eonneetion with the same two muscles. To illustrate, the 


first &onjugate center in the left cortex is connected with the two 
r reeti and supplies them with power. The first conjugate 
C ceter in the right cortex must have a similar connection with the 


AČ 
w 
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superior recti, but this center sends no neuricity to these muscles and 
therefore does not excite them into contractility.”’ 


Savage has given us basal centers for each ocular muscle. Of this 
he says (Le. pp. 57-62) : 


‘“There is one basal center for each ocular muscle, and each center 
can act on only one muscle. The basal centers are all under control 
of the fusion faculty of the mind, and none of them are ever called 
on to discharge neuricity unless a condition exists that would cause 
diplopia. 

"The basal centers connected with the twelve extrinsic ocular mus- 
cles all exist in the interest of binocular single vision; each is con- 
nected with only one muscle, and they are all under control of the 


Fig. 31.—The third neryA, Agfd) it cortical and basal centers. (From Savage, 
NS thalmic Neuromyology.) 


fusion faculty Cy mind. Unless some condition exists or arises 
that would caus plopia, these centers are ever inactive, their nor- 
mal state bei@gyone of rest. Their location is on either side of the 
j Neath the aqueduct of Sylvius and in the anterior part 
sf the fourth ventricle. In the plates to follow, the basal 
cent N e represented schematically, and they are numbered in har- 
m "ith the numbering of the conjugate cortical centers. They 
NN pairs, but work independently. They all stand ready always 
discharge neuricity that images may be fused but a discharge from 

XO: ingle center can affect only a single muscle. 
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** A glance at Plate I [Fig. 31] will show that the third nerve cable 
is composed of insulated fibers from eight of the eleven aetive con- 
jugate cortical centers; that the fibers from seven of these centers 
eross the median line to help form the right third nerve, the only 
non-erossing fibers eoming from the fifth conjugate center. The 
broken lines from the corresponding eight inactive centers are in- 
tended to show a connection between these centers and the muscles 
controlled by the eight active centers. 

“Plate I also shows that the right third nerve has in it insulated 
fibers from six of the eight right basal centers. None of these basal 
fibers have crossed. 


Fig. 32.—Convergence centers. (From M. Ophthalmic Neuromyology.) 


“Plate VIII [Fig. 32] repres (Qu aet of convergence of emme- 
tropie-orthoptie eyes * * & head is still in the primary posi- 
tion, and the near object Ag hline of intersection of the extended 
median and horizontal s. Volition discharges the third conju- 
gate center and caus X of an equal quantity of neuricity to each 
of the two interni, Which, responding with equal power, converge the 
visual axes to the pout of fixation. Simultaneously, volition unlocks 
the tenth con jab @enter which sends an equal quantity of neuricity 


to each of AS er muscles of accommodation, thus causing a per- 
fect focusing? each retina, of the rays of light coming from the point 


of NN op. doa) 

Sava as given beautiful schematic representations of the various 
actien) of the different conjugate innervation centers, and the reader is 
NO: 1 to his most interesting books for further details. 


| 


* 


S 
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Disjunctive Movements of the Two Eyes.—The disjunctive move- 
ments of the two eyes are those of convergence and those of divergence. 

Convergence.—When the normal eyes are looking at a distant object, 
their visual axes are said to be parallel. When these same eyes are 
required to look at an object nearer, say, than 20 feet, the visual axes 
are made to converge, and this convergence will depend upon the 
nearness of the object looked at. This active turning of the eyes 
inward to focus on a near object is called dynamic convergence, and is 
controlled by the convergence center in the brain. In the normal eye 
we find no static convergence, as the visual axes are parallel, but in 
convergent squint there is a static convergence which is equal to the 
angle of the squint. 


Fig. 33.—Diagram illustrating tl ew of convergence, the meter angle. (From May, 
[ ses of the Eye.) 


The determinatior 1e convergence near point is very important. 
(See chapter EU ination of the Patient.) It is the chief means 
of determining Whbéther or not we have an excess or deficiency of 
convergence GF given ease. In a recent article Duane?? stresses the 
importan *accurate measurements and recommends that the meas- 


Mould be taken from a point on the nose 9.5 mm. in front 


uremer 
of NN neal apex. This same writer insists that in measuring the 
e NM gence angle we use the interaxial distance instead of the inter- 
jilary distanee.? The disturbance of the convergence centers in 


! NO brain has mueh to do with the produetion of squint. 


.AQ 
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The nearest point at which the two eyes can fix an objeet is ealled 
the convergence near point. The farthest point at which they can be 
directed by the utmost relaxation of the converging muscles is called 
the convergence far point. This may be beyond infinity and is called 
negative convergence. Duane claims this condition is normal. If the 
convergence far point is within finite distance it is spoken of as positive. 
The amplitude of convergence is the distance between the near point and 
the far point of convergence. 


Nagel introduced the meter angle as a measure for the amount of 
convergence present (Fig. 33). One meter angle is the amount of 
convergence required when looking at an object one meter in front 
of the eyes. Thus it will be seen that one meter angle of convergence 
corresponds to one dioptre of accommodation, as one dioptre of ac- 
commodation is required to look at an object one meter distant. This 
relation holds good at all distances. If an object is looked at when 
placed 50 em. away, it requires 2 meter angles of convergence and 2 
dioptres of accommodation. 


Accommodation and convergence are associated functions but are 
controlled by separate brain centers, and have certain independence of 
action, but in daily life, due to heredity and habit, their actions are 
uniformly associated. The emetropie eye requires as many dioptres 
of accommodation as it does meter angles of convergence d vice 
versa. (See Accommodation. ) N 


ferent sets of innervations acting on two differen 3ets of muscles. 
First, a relaxation of the two interni, a passive KX ence. Secondly, 
a contraction of the two externi, which is AÇ active divergence. 
The normal amount of divergence is abou 2 degrees. 

Divergence in a Vertical Plane.—ThigedeViation is produced by the 
simultaneous contraction of the elev Q) of one eye and the depres- 
sors of the other. Duane claims Q in the normal eye this is not 
more than one degree. 


Divergence in the Lateral Plane is probably aci: two dif- 


Accommodation.—The ing Ox. of the eye to focus an objeet 
at different distanees is e SEED UE This power resides in 
the lens and the cilyrry dy with the museles and nerves of the 
latter. Ball** TE d vr funetion as follows: 


“The agents € ned in accommodation are the lens and ciliary 
muscle. The ej s often been compared to the camera of the photog- 
rapher: kOPtric media equal the lens, the pigment of the retina 
akes the chamber dark, the retina is the sensitive plate, 


th 
and cho QN 
the NN ates the amount of light, and the foeus is obtained by 
i 


the atio of the ciliary muscle on the lens. In the camera the focus 
iş ined by moving the sensitive plate nearer to or farther from 
th In the human eye the retina occupies a fixed position, while 


w 


SS) 
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the focusing is accomplished by alterations in the curvature of the 
lens. As regards the exact mechanism of accommodation, authorities 
differ, there being two principal theories. Helmholtz held that, when 
the ciliary muscle contracts, the choroid and ciliary is relaxed, and 
the lens—by virtue of its elastieity—becomes more convex. ‘Tscher- 
ning has advanced the view that accommodation does not depend upon 
slackening of the Zonula of Zinn, but on its tension, which is brought 
about by the ciliary muscle, whereby the periphery of the lens be- 
comes flattened and the curve of its surface assumes an hyperboloid 
form. Tscherning states that he has actually produced this change 
by making traction on the zonula of the eyes of animals from which 
the cornea has been removed. Schoen has also attacked the Helm- 
holtz theory of accommodation. Which of these hypotheses is correct, 
must be decided by future investigations." 


The nervous center of accommodation is controlled by the short 
ciliary nerve and the ciliary ganglion, which are derived from the 
third nerve. The center for accommodation for near objects is lo- 


cated near the front end of the aqueduct of Sylvius. (See Conjugate 
Centers—Savage. ) 


Amplitude of Accommodation The nearest point at which an ob- 
ject can be distinctly seen or the smallest print ean be read is called 
the near point or punctum proximum (abbreviated p. p. or P.). The 
most distant point at which an object ean be seen disfagMtly is called 
the far point, or punetum remotum (abbreviated p KR.) 2The 
amount of accommodation which the eye is capab p performing is 
called the amplitude of accommodation Me Aby A), and this is 


usually expressed by the formula, A — PAS Which A represents ac- 
commodation, P the nearest point, and R t XQ remote point at which 
an objeet ean be seen. P and £ C lly expressed in dioptres. 
Where the near point is known i (b BORA the amplitude of ac- 
commodation can be reduced to digWtres by dividing 100 by this near 
point. If the near point is 10 cenNyeters, we would have the following: 


A = 100 + 10 = 10 D. of Qu on while R equals infinity. 
Subnormal Accommod (y divided by Duane as follows: 


** (1) Statie insufi y, due to inertia, or laek of response, of the 
lens to the cilaryan\sgle. 

'*(2) Dynami igsuffieieney, due to deficient energy of the ciliary 
musele, this ire being due to a defeetive aetion of the nerves and 
centers con AO this muscle.’ 
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CHAPTER V 


PHYSIOLOGY OF VISION 


In order that the student of strabismus may the more fully under- 
stand its etiology, pathology, and treatment, we have deemed it ad- 
visable to diseuss the physiology of vision. 


Vision 


The sense of sight, the most highly developed of our special senses, 
is also the most complicated in its action, and possibly the least under- 
stood. We shall discuss first some of the elementary optical prin- 
ciples involved in vision; then the retina and its functions, and, lastly, 
the theories of vision. 


Fig. 34.—The principal focus of a convex lens. XO ay, Diseases of the Eye.) 


® 


Fig. 35.—Conjugate foci Oy lens. (From May, Diseases of the Eye.) 


Refraction of NR light ray passing from one transparent 
media into anpéh different density is bent on entering this new 
media (unlesXit gnters it perpendicular to its surface). This bending 


of the raygems called refraction. 
A Co; oL rays of light on passing through a convex 
leņs rought to a point at the focus of the lens. This will depend 
NY indices of refraction of the glass, and on its two surfaces. 
e Foci of Convex Lens.—The point at which rays converge after 
N passing through a convex lens is called its focus. The point at which 
parallel rays come to a point after passing through the lens is called 


96 


Fig. 36.—A, emmetropia. B, » myopia. (The American Encyclo- 
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the principal focus. The distance of this point from the center of the 
lens is known as the focal distance. (Fig. 34.) 


Conjugate Foci.—These are interchangeable foci in which the image 
can be replaced by the object and the object by the image. (See Fig. 
35.) 

Dioptric Apparatus of the Eye—The eye can be considered as an 
optical instrument and is at times compared with the camera. By 
means of its refracting media, small inverted images of objects are 
formed on the retina, and the impression thus made is carried by the 
optie nerve and traets to the cortieal eenter of vision. 


The refractive surfaces of the eye are the cornea and the anterior and 
posterior surfaces of the lens. The refractive media are the cornea, 
the aqueous humor, the lens, and the vitreous; these represent the 
dioptric apparatus of the eye, and are equal to a convex lens of 23 mm. 
focus. The refractive indices of each of the above are as follows: 

Taking air as a unit 1,000, we have: 


AGH) op Tas AAA EIR) Re Sacer CEN d dT 1.335 
AQHEOUS “Humor e cl ed E 1.3365 
Cornea Le SS ee ae Ee See ERE 
Lens 1.437 


The drawings in Fig. 36 will indicate the action of t traetive 
media in different shaped eyes. 


Mabreousphumcorn-ecscA e m EE CE 1.3365 A 


Cardinal Points of the Eye.—In order to MAS, the course of 


rays of light through the eye, it is necessary xo». the cardinal 
points of the eye. "These are as follows B. Qr: 
in Fig. 37 taken from May. 


Principal Points are two points so sj xe that if an incident ray 
passes through one prineipal point i Q 

the other. These points are situ 
tical purposes they can be cons 
in the aqueous about 2 S 


graphically shown 


emergence ray will pass through 
šo close together that for prac- 
as one point. They are situated 
ehind the posterior surface of the 


cornea. 
Nodal Points are O. situated just at the posterior pole of 
the lens, about 7 a behind the anterior surface of the cornea and 


praetieally at tl 


ical center of the dioptric system of the eye. 
They are SQ 


together that they may be considered one point. 
Rays NS rough these points are not refracted. 

The PIN rincipal Focus is that point on the optie axis at which 
parallelWays in the vitreous will meet in front of the eye. This is 
abo 4mm. in front of the cornea. 
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Second Principal Focus is a point on the optic axis at which parallel 
rays of light are brought to a focus by the refractive system of the 
eye. This is about 23 mm. behind the cornea on the retina, usually 
between the fovea and the optic nerve. 

Visual Acuity is the measurement of the ability to see distinctly. 
It depends upon the transparency of the refraction media of the eye, 
the refractive perfection of it, the luminosity under which the ob- 
jects are seen, the size of the retinal image, the size of the pupil, the 
nervous functions of the retina and the optic nerve, and last, but not 
least, the mental ability to make the proper interpretations. 


Fig. 37.—Cardinal points e eye. (From May, Diseases of the Hye.) 
Visual acuity is (Qi by the smallest angle under which the 


eye ean distingu form of an object. This angle for the normal 


eye subtends 2 
normal.) d is 
points cé NY distinguished from each other.* 


The mum visual angle varies with the luminosity, the dioptric 
ANS us of the observing eye, the retina, the optic nerve, and the 
NN 


N It is less in youth and more in old age. 
S An eye which is able to recognize objects subtending only one minute 
XO Angle is considered to have normal acuity of vision. This varies at dif- 


one minute. (Eldridge-Green gives 50 seconds as 
also measured by the lowest angle under which two 


m 


-—— 


a 


matic representation of the visual and pupillary paths. 
Diseases of the Eyes.) 


(From 


May, 
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ferent parts of the retina. Taking the vision at the fovea as 1, it is only 
1/5 at 2° 52’ from the fovea, and decreases gradually. At 10° it is 
1/19, and at 30? 20’ it is 1/100. 


The Retina 


The retina, which is an outgrowth of the brain, consists of a spread- 
ing out of the fibers of the optic nerve (Black) over the entire back 
four-fifths of the eye. This highly specialized nervous structure pos- 
sesses the power of transforming the inverted image of external ob- 
jects into a nerve stimulus. This excitation in turn is carried by the 
fibers of optic nerves and tracts to the visual centers of the brain. 

The retina is the receptive layer of the visual apparatus, and this 
corresponds to the sensitive plate of the camera. The most anterior 
(front) layer of the retina is the pigment-cell layer. We shall see 
later its importance in the function of vision. Immediately underneath 
this layer is the layer of rods and cones. The rods are about 0.06 
mm. long and 0.002 mm. in diameter. The cones are about 0.035 mm. 
long and about 0.006 mm. in diameter.? 

The Macula Lutea and Fovea is the most sensitive part of the retina. 
In the macula lutea, or yellow spot, is a small pit which is called the 
fovea eentralis. This point is about 0.5 mm. in diameter. Rods are 
Searee in the macula and are entirely absent in the fovea. The cones 
other 


in the fovea are mueh longer and thinner than found NS 


part of the retina. Q) 
Functions of the Retina.—The retina has several £@¥@tions to per- 
form. It receives the stimulation from light and ie rts it into three 


senses : x 
1. Light sense. CN 


2. Color sense, 
3. Form senses. 

Each of these senses ean be a CE studied. They vary at 
different portions of the retina, Weg more intense at the macula 
and diminishing toward the per ary. The degree of visual acuity, 
luminosity, tone, intensity, AN afüration also causes marked varia- 
tions. (Fig. 38.) AN 

These various sensa#ionupon the retina are transmitted by the 
optic nerve and tracts the brain, where these sensations are elabo- 
rated into percep eon. of external objeets in some as-yet-unknown 
manner, and we(c§me to recognize certain objects, with their various 
colors, BAN s, and relations. 


Light uS —Physiologists consider that the sensation of light is 
due to à stimulation of the rods and the diserimination between details 
[€ 


NS 


.AQ 
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ion of light upon the cones. "The eones predominate in the 
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maeula, whereas, at the periphery of the retina, cones are very searee; 
henee, from anatomieal deduetions, it is inferred that the acute per- 
ception of objects is a function of the cones, while light perceptions 
and observation of moving objects is the function of the rods. 


The Field of Vision is the area in which an eye can detect objects 
while the eye itself is fixed on an object directly in front. This ex- 
tends upward 60 degrees, outward 80 degrees, downward 70 degrees, 
and inward 60 degrees. These, of course, vary according to the depth 
of the eye in the orbit, the overhanging of the upper lid, and the 
height of the nose. 

The Field of Fixation comprises the area in which the eye can fix 
objects, the head being held stationary. This field is approximately 
as follows: upward, 35 degrees; outward, 45 degrees; downward, 55 
degrees; and inward, 45 degrees. Fig. 39 shows the field of binoeular 
fixation. 

Binocular Vision.—When a person with normal eyes looks at an 
object at a distance, there is a picture of this object formed on each 
retina at the fovea, and at the same time all near surrounding objects 
form pictures on each retina at points more or less distant from the 
fovea. These central foveal pictures are so blended in the brain as 
to form only one distinet object, and this e QU the two 


images into one mental picture constitutes binocular wfsf6. This is 
an innate faeulty in man, and is aequired within th six months. 
All surrounding objeets are seen less distinetly, b t double. This 
is due to the fact that the surrounding imageg*aM on corresponding 


retinal points. The right half of one EC UD QN sponds with the left 
half of the other, and vice versa. Q 

Physiologic Diplopia.—Binocular Go) r near objects becomes 
more difficult than for those at a detanee. This is attributed to the 
faet that objeets near the visual S of each eye do not always fall 
on eorresponding retinal AQ) and the brain is ealled upon to 
eliminate the two images t ould otherwise eause diplopia. If a 
peneil is held in the lige ion when looking at a distant objeet, 
two peneils ean be NN fed; but this diplopia, called physiologic 
diplopia, is not gedligapily observed in daily life, due, according to 
Worth, to the ‘lagticity of the fusion faculty.”  Duane* is of the 
opinion that, a these physiologie double images we get our ''main 
nd distanee."' 
s the following law governing fusion of images: 


the images formed in the two eyes differ in shape, size, or 


€« 
"SS if the disparity be not too great, the oculomotor apparatus 
;t places the eyes in the most favorable relative positions; the fusion 


e, by virtue of its elasticity, then fills up any gap which may 


P 


Fig. 39.— Diagram of the field of binocula 
bounded by the solid line; that for the bows 


vision. The field for the left eye is 
he interrupted line. i, 2, physiologic 
y red lines is the field of binocular 
Ology.) 


scotomata. 3, fixation point. The part bou A 
vision. (Modified from Ball, Modern Ophth 
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Theories of Vision.— Vision is a sensory stimulation, a very intrieate 
proeess, of whieh there are many theories, all of whieh fail in some 
way to definitely and satisfactorily explain all the phenomena that 
take place from the emission or reflection of light by an object to its 
pereeption on the retina, and its proper interpretation by the brain. 
These various steps ean best be divided into: 

(a) Problems in Optics. The formation of the image of the object 
on the eye. | 

(b) Nerve Condition. The passage of this impulse created by this 
image on the retina to the brain. 

(e) Brain Physiology. The reception of this impulse and interpret- 
ing correctly the sensation. 

The mechanism of vision is well stated by Bayliss? as follows: 


‘‘There is every reason to believe that the means by which light stim- 
ulates nerve endings is through a photochemical reaction. There are an 
enormous number of chemical reactions which are affected by light, and, 
of these, one is known in connection with the retina, namely, the changes 
in the visual purple. Whether this is the only one, we cannot say with 
certainty, but we shall see presently that its properties are in extra- 
ordinary coincidence with certain aspects of vision. If a substance is 
sensitive to rays of a particular wave length, such as would be neces- 
sary to account for color vision, it must absorb these rays. Since they | 
must be in the region of the visible speetrum, the substance must have 


an absorption band in the region referred to, and, ther s4 s pos- 
sessed of color itself. Although visual purple is the o Au h sub- 
stance detected as yet in the retina, with the exce of certain 
colored globules, which are not sensitive to light, d ed by Kuhne 


(1878), in the cones of birds, it is conceivable fe others may be 
present in the small amounts required, and oo 1e requisite num- 
ber to account for the number of colors to NS he eye is sensitive. 

** Visual purple is found in the rods @ly the mammalian eye, in 
the so-ealled cones of birds, and in a structures of 
the retina of the frog, fish, and cephalWpbd. Since it is not present in 
the cones of the human eye, it is ent from the region of sharpest 
vision, the fovea centralis; a f yhich has led some observers to 
doubt whether it has any fung day vision. Eldridge-Green sup- 
poses that it diffuses SPAN rea from the surrounding rods. The 
rods themselves, he AS S being concerned only with the forma- 
tion of the pigment (5 t ‘receptor organs for light. As regards 
this last point, it app that the sensibility of the various zones of 
the retina in the enition of form during day vision is directly 
proportional to mber of cones per unit area which they contain. 
Put in anothez , the images of two points are recognized as dis- 
tinet acco AN o hahe or not they fall on two cones which have 
between an unstimulated cone. So that they must be further 
apart to 'eeognized as two in the peripheral parts of the retina, 


^ 


wher e eones are further apart. 
ey light falls on the peripheral parts of the retina in man, it 
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is found that, when diminished so as to be just visible, it is only that 
part of the spectrum between wave lengths 600 and 440 (orange and 
blue) that is visible at all, and the sensation is one of light only, with- 
out color, whatever the wave length used. * * *" 


Color Sense.—Color vision is both physiologie and psychologie. 
Various hypotheses have been present to explain the mechanism of 
color vision. The Young-Helmholtz theory? is as follows: 


'*In this theory it is postulated that each nerve fiber of the retina 
is eomposed of three submembers or fibers, each of whieh is provided 
with a special terminal organ (a photochemical substance). An irrita- 
tion of the first fiber supposedly produces a violet sensation, an irrita- 
tion of the second fiber a green sensation, and of the third, a red sen- 
sation. These three are the primary or principal sensations giving rise 
to the principal colors. An irritation, then, of the red and green sen- 
sation fibers would produce yellow, and so on through the color scale. 
White is produced by the simultaneous irritation of all three fibers; 
no irritation of any of the fibers gives the sensation of black.’’ 


One of the most interesting and recent theories is the Ladd-Franklin 
theory,’ in which ‘‘A primitive photochemical substance, which is 
composed of numerous gray molecules, is assumed as being responsible 
for the colorless sensations of white, gray, and black.’’ 


These molecules exist in the primitive state. only. The breaking 
up or dissociation of the molecules causes the WE ne various 
colors. 


Light stimulus on the retina is recognized by the as visual sen- 


sation. The processes by which ether-wave im S cause visual im- 
pulses is still obscure. They are usually aseri KO (1) chemical action, 
(2) molecular strain, (3) electrical action. 

The Chemical Theory® maintains foo tain visual substances in 
the retina are affected by light an rision originates from the 
metabolie changes produced in th x d substances." 
theory is complicated and UA ther satisfactory. 


Eldridge-Green? says 


The above 


“A ray of light impipgg on the retina liberates the visual pur- 
ple from the rods NN otograph is formed. The rods are con- 


cerned only with the Woe of the light impulses to the brain. 
The ends of the foneAre stimulated through the photochemical de- 
composition of th uu purple by light, and a visual impulse is set 


up which is, q tud through the optie nerve fibers to the brain. 
The charac the stimulus and impulse differs according to the 


wave-leng "the light causing it. In the impulse itself we have the 
eS basis of the sensation of color.’ 
TWONMolecular or Mechanical Theory’ is explained as follows 


‘It is readily conceivable that a ray of light ean cause a chemical 
mposition of a substance in which the rhythmic excursions of an 


e & 'om or atoms from the center of attraetion in a moleeule are in 
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exact tune with the waves of light falling on such atoms. The ex- 
eursions may be so inereased in extent by the rhythmie energy sup- 
plied by the light waves that the atoms will leave the parent mole- 
cules and produce new molecules.”’ 


The Electrical Theory claims that the visual impulse is the concom- 
itant of an electrical impulse.” 


Cox 


that an electrical current is generated in the retina under 
the influence of light and that this is transmitted to the brain through 
Í the optic nerve. It is an undoubted fact that light gives rise to ret- 
inal currents and that, on the other hand, an electrical current, suit- 
ably applied, causes the sensation of light. Holmgren, Dewar, MeKen- 
drick, Kuhne, Steiner, Waller, and others have shown that illumination 
produces electric variation in a freshly excised eye.’’ 
Fritz Schanz's Theory. A very interesting theory of vision which 
might be called the electron theory is given as follows by Fritz 
| Schanz :” 


“If two identically equal metallic plates are put in an electrolytic 
solution and the two plates are connected, an electric current is pro- 
duced when the one plate is illuminated and the other remains in the 

dark. The electric current is increased when a dye, known to be a 
sensitizer, is added to the electrolyte. The same process, I am con- 
vineed, is the basis of all sensitization processes in living matter. 
These investigations give us insight, therefore, as to why thegsun acts 
as motor in the machinery of all earthly life. 

"If these observations relative to the elementary NN f light 

| in Nature are correct, then the same process must be A asis of the 

| visual aet. Light ean aet only when it is absorbegf e have con- 
sidered the rods and cones to be the elements segs > to light. We 
are to conclude, therefore, that they are unabl Sally absorb the 
visible light rays. These light rays are, h( Ne absorbed by the 
pigment-epithelium of the retina. We |} Qen. the right to sur- 
mise that electrons are emitted because )e" light. absorbed in the 
pigment-epithelium in the same way & from the numerous pigments 
examined. The rods and cones of tffi("etina act then as the receiv- 
ing electrodes which capture the gle@efons in a manner analogous to 


the investigations on photoeleg effects. Electrons of different 
velocity are emitted by light ferent wave lengths. The stimula- 
tion set up in the rods an fs conducted through the retina and 
i optic nerve towards the NA receiving organism. We can meas- 
ure these effects in t LON nerve as the currents of response.’’ 
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CHAPTER VI 
TYPES OF STRABISMUS 


Strabismus is usually divided into paralytie and comitant. Para- 
lytic squint is a pathologic condition, and is due to a lesion of the 
nerve supplying the muscle affected.  Paralytie squint will be dis- 
cussed in a separate chapter. 

Comitant squint is a functional disturbance, and is usually divided 
into periodic, constant, unilateral (or monolateral), and alternating. 
Periodie squint is divided by Worth into premonitory occasional and 
true occasional, which he places under the main heading of occasional 
squint. Alternating squint he divided into accidental alternating and 
essential alternating. The well-known division of squint by Stevens 
described in Norris and Oliver! under heterotropia, which is a general 
term, includes all forms of deviation of the visual axis from the ob- 
ject fixed by the master eye. He divides these as follows 

Esotropia is a deviation of the visual axis inward. 

Exotropia is a deviation of the visual axis outward. 

Hypertropia is a deviation of one visual axis above th: AX ine other. 

Anotropia is a deviation of the visual axes of bot! X above the 
normal plane of adjustment. Q 

Katotropia is a deviation of the visual axes QN. eyes below the 


normal plane of adjustment. 


Cyclotropia, introduced by Savage, is : Qu. of the vertieal 
axis of the eyes, either diverging fr NT whieh is plus-eyelo- 
tropia, or converging from above, whi s minus-cyclotropia. It ean 
be readily seen that more than ae of these tropiae may be 


observed in the same person. 
The following a3 squint, alphabetically arranged, 
taken largely from the Ar n Encyclopedia of O D x 
Strabismus Absolut Qoe occurring at all distances. 
tive.—This is a name given to squint which 
rhen the object is made to approach the eye. 
modative squints are at first periodic, and usu- 


Strabismus Accom 
is markedly incr 


Practically all act 
Accommodative squint is produced by excessive 
modation and usually is associated with hypermetro- 
‘Y, it is found in deficient efforts made in myopia. This 
form NO aint is usually relieved by the correction of the hyperme- 
NS Donders considered that practically all cases of comitant 
int were due to accommodation associated with hypermetropia. 
hi$ is the dominating cause in about 30 per cent of cases. 


ally intermit 
effort at a 
pia; howfe 
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Strabismus Alternating.—In this condition first one eye fixes, and 
then the other. These cases usually are periodic at first, and finally 
become permanent. The vision in each eye is usually normal. This 
type of squint is of relative frequency, and is often associated with 
accommodation excess. It is in this type of squint that Worth finds 
his essential squints. 


Strabismus Apparent.—O wing to the size of the angle gamma (some- 
times ealled alpha), there is frequently an apparent excess of eonverg- 
ence in myopic eyes and divergence in hypermetropies. Apparent 
squint may also be eaused by the shape of the nose, or rather the 
overlapping of the skin and the inner angles of each eye. "This is 
often found in the Mongolian race.? This condition was first de- 
seribed by Johannes Muller* under the name of Incongruous Strabis- 
mus. 

Strabismus Bilateral—The name sometimes given for strabismus 
affecting both eyes alternately. 


Strabismus, Braid's.—This is a turning of the eye simultaneously 
upward and inward. This method is sometimes used by hypnotists 
in order to more readily hypnotize their subjects. 

Strabismus Comitant.—This is a general division of squint as op- 
posed to paralytic squint. The nonfixing eye follows or a üpanies 
all the movements or exeursions of the fellow organ. INpalralytie 
squint, there is a limitation of excursion and the E eye does 

| not accompany the sound eye in each field of regar 


Strabismus Concomitant.—An older term XC Aent squint. 


Strabismus Convergent.—In this condition eviating eye turns 
in, causing convergence of the visual nos the type most fre- 
quently seen, and particularly so in t tant variety, in young 
subjects. 


Strabismus Deorsumvergens.—T Qu. is known also as de- 
scendant squint? and hypertro Qu ate squint. It is a condi- 

tion in which the eyeball is ty below the visual axis, and is usu- 
i ally associated with inter N external squint. 

Strabismus Diverg N is a condition in which the eyeball 
turns outward, causi divergence of the visual axes. It is usually 
associated with. Ur and most frequently oeeurs during early 
adult life in eo Ne Istinetion to convergent comitant squint, which 
occurs usual] Ora about three years of age. 


HENS EU tendeney to squint whieh is overeome by 


an effor ophoria) 


= Essential. —This is a type of squint which is found in 
; aüng cases and which is defined by Von Graefe as ‘‘antipathy 


g 
aS 
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>? 


to binocular vision." Savage claims that no amount of effort can ever 
make the two images fuse in a case of essential squint, as, in his 
opinion, the two centers for fusion are not neurologically connected. 
Stevens® considers this condition due to declination, and that it usu- 
ally is associated with a declination produced by faulty operations. 

Strabismus External.— (See Strabismus Dive sur 

Strabismus Fixus.—4A fixed strabismus. 

Strabismus Functional.—Comitant strabismus (Landolt). 

Strabismus Incongruous.—(See Strabismus Apparent.) 

Strabismus Insuperable.—A condition in which the patient is not 
able to prevent squinting for near objects, but is able to maintain 
binocular vision for distance (Maddox?). 

Strabismus Intermittent—A squint which under the same condi- 
tion of vision is sometimes present, and sometimes not. 


Strabismus Latent.—That which occurs under special conditions, is 
usually associated with emotion, and is related to heterophoria. 


Strabismus 


Strabismus Manifest.—Strabismus occurring when both eyes are 
open. : 

Strabismus Mechanical.—This form of squint is duet pressure or 
traction upon the eyeball, and is usually associatec M tumor or 
some other pathologie conditions in the orbit. 

Strabismus Monocular.—This is a type of Ko whieh deviation 
is definitely located in one eye. (See Unilag@yw Strabismus.) 

Strabismus Noncomitant.— (See dem Q 

Strabismus Occasional.—W orth‘ 


rabismus.) 


ded oeeasional squint into 
two varieties—premonitory occa and true occasional. Occa- 
sional squint he defines as A which occasionally deviates 


€ 
from the normal relative direc In this ease the squint is seen 


for only a few seconds aC inc and finally the eyes become 


more and more frequent] iossed. He uses the word ''oecasional'' 


in preference to the y 18fe frequently used in this country, '' peri- 
odie," which he e S should be used for squint appearing on 
alternating ayça) tertian ague. Premonitory occasional squint is 
a type of squin uich may occur at very infrequent intervals, and 
finally due entirely, or may maintain this characteristic through- 
out life. 
RON Paralytic is due to a paralysis of one or more of the ocu- 
INS es, and is a general term opposed to comitant squint. 
Sista Periodic.—This is an occasional squint, and is gener- 
ly a forerunner of permanent squint, and is usually associated with 


eXcessive accommodation. 
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Strabismus Permanent.—This is a form of deviation which is con- 
stant in one or the other eye. This type of squint may be either per- 
manent alternating or permanent monocular. The latter is the ordi- 
nary form of comitant squint seen in children after the defect has 
been present for some time. 

Strabismus Relative occurs only when the object looked at is at a 
certain distanee. 

Strabismus Spasmodic.—(See Strabismus Spastic.) 

Strabismus Spastic is due to spasms of one of the ocular muscles. 
This form of squint is very rare, and includes some eases of intermit- 
tent comitant squint, ehoerie squint, or irritating cerebral lesions and 
hysteria and epilepsy. 

Strabismus Spurious is the squint seen in young children before the 
fusion faculty has made much progress in development (Worth’). In 
this squint the eyes converge for a few seconds at a time. 

Strabismus Superable is the condition in which the patient is able 
to maintain binocular vision for distance but squints for near. (See 
Strabismus Insuperable.) 

Strabismus Suppressed.—Akin to latent squint, and expressed by 
the word ''heterophoria."' 

Strabismus Sursumvergens.—The deviation of the eyes up 1, also 
known as vertieal strabismus, or strabismus ascendens Op log). 


ocular Strabismus.) 

Strabismus Vertical—(See Strabismus Sursu Os) 

Duane,’ in Fuchs, has classified squint fro NU) étiologie standpoint 
as follows 


Strabismus Unilateral—Strabismus affecting me (See Mon- 


SENE An needs 7 oF pun Dues or cenas or one or 


DEE in "NE S idasi Sr 


“B. Anomalies of the coordinq 
per se being normal). These å 


‘1; Anomalies of Cia te 


and divergence, either in the sense of 


excess or insufficiency. 2 
'*2. Anomalies of eR. ite movements comprising conjugate paral- 
ysis and spasm, nysta s, and dissociated movements.’ 
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CHAPTER VII 


MEASUREMENT OF STRABISMUS—STRABISMOMETRY 


The importance of the accurate determination of the degree of 
squint cannot be too strongly impressed upon the reader It aids in 
determining the type of squint and its etiology, and it guides our fu- 
ture treatment of the case; but its chief importance lies in the fact 
that it is the one and only guide as to when and upon whom to operate. 

Definite repeated measurements of the degree of squint for 6 me- 
ters and 60 centimeters should be taken, both under atropin and 
without it, repeated (without atropin) at weekly or biweekly inter- 
vals, and careful records kept of the measurements. This will give 
us information which can be obtained by no other means. A squint 
which does not decrease under the use of atropin for a few weeks is 
not apt to be relieved by the use of glasses, and the converse is true. 
A ease of recent periodic squint, or any ease of recent squint in which 
the squint disappears under atropin, will very probably be relieved 
by the full correction of the refractive defect. This SM what 


occurs when we can see these cases early. S 
Constant squint, where the vision of the devia ye is good, and 
which is lessened by the use of glasses, pads, a opin, after a few 


months’ treatment will, in all probability, be‘qu%ed without an opera- 
tion. Any decrease in the degree of NE always a hopeful sign, 
and a continuation of the nonoper Ae) atment is indicated. 

The great importance of accurat surements must be evident, 
notwithstanding the fact that Tk: Says: ‘‘It is rarely useful to 
measure strabismus exaetly."' iS very remark itself is proof of the 
importance of repeated accyxate measurements, as it becomes diag- 
nostic. In a ease in whic cre is a marked difference in the degree 
of squint, as is indieat Javal's remark, we would expeet to find 
a recent squint in AS idual of an emotional, nervous temperament. 

If at any ageh ‘Sree of squint is not decreased after four to six 
months of carekul $ttention, it becomes an operative ease. If we have 


been eareless»in our measurements and still less careful with our rec- 
* . Li . 

ords, we QE t intelligently advise as to the future treatment. Ac- 

maa urements for both far and near are diagnostic as to cause, 


AN operative cases determine largely the operative procedure to 
NN Dunnington,? diseussing operative treatment of squint, says: 


et and thirteen inches tells us whether the squint has been caused 
108 


g iaimation of the amount of deviation present at both twenty 
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by an anomaly of divergence or convergence. A deviation most pro- 
nounced at twenty feet means primarily an anomaly of the diverging 
power, whereas, one that is greatest at thirteen inches denotes an 
error of eonvergence."' 


That the method of measuring squint has not been entirely satis- 
faetory is evident from the many methods to be found in literature. 
We shall present several of the best known methods, stressing their 
advantages and disadvantages. 

Linear Strabismometry.—The linear measurement of squint was at 
one time very popular, and was the chief method in use until the 
angular measurement was introduced by Landolt. Lawrence devised 
a strabismometer, which is still in use. 

Those seen at the present time consist of a flat piece of ivory, con- 
cave on one side, to fit the lower lid, with scales in millimeters read- 


Fig. 40.—Strabismometer. (From Ball, M, Os ) 


ing from a central zero, both to the rieka and to the left. It is to be 
placed upon the lower lid of the rt ting in front of a window, 
while he is looking at some dista% object with the deviating eye; 
the zero on the scales is P e lower lid direetly underneath 
the center of the pupil; the g e is now uneovered and the squint- 
ing eye will turn in or ot C the figure which now lies directly 
underneath the pupil NUS eye will measure the amount of 
deviation. The evidégt Jnaccuracies of this measurement render it 
practically useless. 
Galezowski's g 

trial frame, vy 


cid eonsists of a frame on the order of a 
djustable needles or pointers placed on a bar, the 


latter hay eales 
Hirsc NY Method.—Since the breadth of the cornea is about 12 
sip and one-half of that length being 6 millimeters, Hirsch- 


ulated that if a light were reflected into the eye, the image 
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falling on the edge of the cornea would represent an angle of 45 de- 
grees, and an image falling one-half of the distance between the 
center of the cornea and its image would represent a deviation of 
22% degrees. The two deviations on which he laid particular stress 
were the corneal edge, which represented 45 degrees, and the pupilar 
edge, which represented 15 degrees. This method is but little more 
accurate than the strabismometer of Lawrence 


| 
| SSF 
| Fig. 42 
Fig. a "a of measuring strabismus. 
Fig. AC. d S method of measuring strabismus. . 
l 
Angular Moar O M This measurement of squint was first sug- 


gested by Lamy d the use of the perimeter for determining the 
amount of 65. n of squint was recommended by Javal. Figs. 41 
and 42 ant Go cription, taken from Maddox, explain the method of 


| Javal aQ Mt of Charpentier :? | 


&Prenoa —‘The patient should be seated so as to bring the 
ANN eye (see Fig. 41) into the center of the perimeter, while 
M ¿cht in front, at a distance of five meters, is placed a candle for 
je fixing eye (F) to look at. It is only some perimeters which per- 


— 
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** Another flame is then moved along the are of the perimeter, with 
the surgeon's eye ever behind it, till its reflection appears to occupy 
the center of the cornea, or rather that part of the cornea which our 
knowledge of the angle gamma leads us to select, and which I have 
ealled elsewhere the *fixation position.’ The squint is now measured 
by that figure on the perimetrie are which lies nearest the flame. 

** For greater accuracy the angle gamma can be measured separately 
by sereening the good eye and making the squinting one fix the ivory 
dise of the perimeter, while a flame (with surgeon's eye kept strietly 
in line behind it) is moved along the are till its reflection appears to 
occupy the exact center of the corneal circumference. The figure 
reached by the candle enables the angle gamma to be at once read off 
from the perimeter. This angle should be subtracted from the rec- 
ord of a eonvergent squint and added to that of a divergent, premis- 
ing, of eourse, that they have been measured by the center of the 
cornea. 

**In figure ‘d’ is the ivory dise of the perimeter, and, were there no 
squint, the visual axis of the left eye would pass through this, as 

shown by the dotted line. The angle d S /, therefore, is the angle of 
the squint, and is measured by the are d l. 
"By bringing the distant flame nearer to the perimeter, the squint 
| can be measured under different accommodative conditions; or, finally, 
the ivory dise may itself be made the objeet of fixation. 

*"'The figure makes evident, also, how in a squint of low degree the 
method is rendered impracticable by both flame (EZ) and the sur- 
geon's head behind it, interfering with the vision of the T it flame 
by the fixing eye (F)." 

Charpentier's Method.— The difficulty just TEN evaded 


‘ in the plan illustrated in Fig. 42 where advantage is 1 of the law 
1 that angles of incidence and reflection are equal. 4 ame is placed 


'on's eye is made 
le in the center of 
is then measured, its 


over the fixation spot of the perimeter, and the O 
to travel along the are till its reflection appeays 1 
the cornea of the squinting eye. The S 
| angle being half the angle of the are.’ 


The Schweigger hand perimeter is Sue of the best perimeters for 


measuring squint (Fig. 48). It is apted for measurement at 6 
meters and 60 centimeters, and Q be used with advantage with 


children, as it ean be held p ey sistant or nurse. 
4 Angle Gamma.— All pex NG 


| into aecount the angle g; 
The angle CHR NT formed by the intersection of the 


measurements of squint must take 


visual axis with the c axis. The visual axis is a line beginning at 


i the fovea central ffetinae and passing through the center of motion 
| and thence tl Qe the cornea (at no definite point) and thence to 

the PS. un Visual axis is the anteroposterior axis of 
rotatio optic axis is a line beginning at the center of the cornea 


and p NN through the center of rotation and extending to the 


m — 


retina, near or at the macula. This line'usually does not fall upon 
Oo” ula, but falls to one or the other side of it. The angle between 


Ad 
| AV 
O 
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these two lines is known as the angle gamma. (The angle gamma is 
often confused with the angle kappa.) 

The only point necessarily common to these two lines is the center 
of rotation of the eye. When this angle is to the nasal side of the 
visual axis, the eye would appear to deviate inward; if to the tem- 
poral side, it would appear to deviate outward. It is more often tem- 
poral than nasal. The manner of measuring this angle is given by 
Duane* as follows: | 


'"The angle gamma is determined sufficiently well by placing the 
eye at the center of a perimetrie are and making it fix the zero point 


WOU: 
HO QO ^ 
Ik! 


"i 


Fig. 43.—Schweigger’s hand * ter. (From Maddox, The Ocular Muscles.) 


of the perimetrie sea Ww light is then carried along the are until its 
reflection occupies enter of the cornea. The position of the light 
on the perimetri& ar shows the amount of the angle gamma.’’ 


A better peGyzetric measurement is to use the Charpentier method, 

as follows; Ne 
The ON ing placed in the center of the perimeter, it is directed 
nt object over the fixation point on the perimeter, while a 


N 
lig eld directly underneath the fixation point, and the surgeon’s 


is made to travel on the are until the reflection of the light lies 


be; he center of the cornea. The number on the perimeter at this 


-—Á a 
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point represents double the amount of the angle gamma. The advan- 
tage of this method of measurement is due to the doubling of a small 
angle, thus lessening any error in its measurement. 


Fig. 44-A.—First step in tangent strabismometry; adjusting distance of fatient by 
metro-string. (From Maddox, The Ocular Muscles.) 


Fig. 44-B.— S Step; examining the reflections. Also estimating the vertical 


ooo (From Maddox, The Ocular Muscles.) 

Mad NS Tangent Strabismometer.—This is a very popular method 
wit any of the English ophthalmologists. It consists of numbers 
HQ d on a wall at one meter’s distance in front of the patient 
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that they represent, respectively, a degree of deviation? Fig. 44 
A and B and description from Maddox? are sufficiently explanatory : 


‘‘Placing the patient facing the candle at the meter distance, the 
surgeon introduces his own head between the two, but a little lower 
down, about a foot away from the patient and so that the root of his 
own nose is vertically under the rays of light which proceed to the 
patient’s eyes. At once the tell-tale corneal reflections reveal which 
eye is the squinting one, and the degree of squint being guessed at 
by the degree of eccentricity of the reflection, the patient is told to 
look at the figure which numerates the guess. 

“If the guess be true, the squinting eye has been brought straight 
for the candle, and the reflection upon it occupies its proper position. 

‘If the guess be only partially correct, successive figures are men- 
tioned, one by one, for the patient to look at, till the surgeon is satis- 
fied as to the right one. For rapid work, this suffices, and takes 
scarcely more than half a minute. Since the height of the patient is 
immaterial, no time is lost in adjusting it, as in the use of the perim- 
eter."' 


This method is relatively accurate and has two great advantages: 
first, it is always ready, and, second, it is a great time saver. 

The Priestly Smith Tape Measure.—This method was published in 
1888 and is, with some modifications, one of the most accurate and 
most popular methods at the present time. It is Sue d service- 
able in the measurement of squint in young children Áp ients with 
amblyopie eyes. It is described by Maddox? as gj 


“A piece of tape one meter (or 60 em.) loni QM whieh one end is 
held by the patient against his temple while ther end is attached 
to a ring on the surgeon’s finger, maintains f requisite distance be- 
tween the surgeon and the patient. A $ J piece of tape, graduated 
and figured, is attached by one end t Same ring, and then passes 
between the fingers of the surgeons Reef hand, at which the patient 
is directed to look. When the aration of the surgeon’s hand 
reaches the measure of the squin\ Jhe corneal reflection occupies the 
normal position of the cornea the squinting eye. 


Holzer® has made a sligh ough a very important, modification of 
Priestly Smith’s tape ns which I have used with increasing con- 
fidence during the “a Yive years. Holzer describes his method of 


*« * * * [et us take, for example, a convergent squint of the 
left eye. Mei{Prements should be made in a dark-room with a lamp 
situated bN the patient. (Fig. 45.) The ring A 1s held against 


the rigl k below the fixing eye by the patient. An ophthalmoseope 
or scope handle is passed through ring B and held in the ob- 
ser eft hand. The image of the light behind the patient is now 


fixing eye, and the patient is directed to fix the mirror. Through 
sight-hole in the mirror the observer notes the exact position of 


S ed from the mirror of the ophthalmoseope or retinoscope into 


i 
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the corneal image. He now turns the mirror to the left eye, the pa- 
tient still fixing the mirror with the right eye, and notes that the 
image on the left cornea is situated eccentrically outward, showing 
that this eye deviates inward. He now directs the patient to follow 
with his fixing eye a finger of the observer’s right hand over which 
į ring C has been placed. The right hand is gradually moved horizontally 
outward along the tape B C while the observer notes the changing posi- 
tion of the corneal image through the sight-hole of the mirror until the 
left eye has rotated outward enough to bring the image to the corre- 
sponding situation occupied in the fellow eye (right) when the eye was 


— 


— 


45 degrees, showing adva additional tape AC. (Holzer) This prevents errors 
from holding tape BC t ^ patient (X) or too far away (Y). (The American 
Encyclopedia of OphthalmOt6gy.) 


Fig. 45.—Holzer-Pries Q tape. Position of tapes in determining squint of 
tas 
ngar 


* 
fixing the mir hen this point is reached he pinches the tape and 
reads off th ‘ee of deviation; one centimeter on the tape equalling 


ago the writer devised the following modification of the 
oe Eny Smith tape for measuring the degree of deviation for 
nge. This is particularly useful in measuring the squint in very 


kd E ETE 2 
one ANN eviation. 
Son NN 
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young children for both near and distance. It consists of a very light 
piece of wood, 60 em. long with one end so shaped as to fit the cheek 
under the eye, and a ring one inch in diameter is placed at the other 
end. Just in front of this ring is a clip to hold pictures when meas- 
uring the deviation for near. In the center of the end bearing the 
ring is fastened a tape graded in centimeters. Twenty centimeters 
from the cheek end of the piece of wood is attached a handle (see Fig. 
46). At the center of this same end and underneath is fastened a piece 
of tape 60 em. long with a small ring at the other end. A candle or light 
is placed at 6 meters in front of the child. The instrument is handed 
to him and he is directed to place the cheek end of it under his 
straight eye while he looks at the light through the ring at the other 


CN 


Fig. 46.—Wilkinson’s modification of Se. Hoizer-Priestiy Smith tape. A, piece 


In front of the ring is a clip to hold pi os when using for near. B, tape 60 cm. 


of wood 60 cm. long with cheek piece iy. nd and ring at other to sight through. 
long, one end of which is attached at the eek piece and to the other end is attached 


a small ring. C, tape graded in c imeters attached to the piece of wood at the 
f sighting ring which passes throug eJsmall ring on the tape, B. 


| end. (The ENA supported by an assistant when neces- 


sary.) The surgeon takes the ring on the end of the cheek tape, 


places the grade through it, and holds it in one hand. Holding 


his electric retinðsfope in the other hand, he so places his eye and 
| the retino fna to eause the eorneal reflex to fall in the center of 
| the pupil Qi 1e deviating eye. The tape is drawn out taut and the 
num centimeters on the tape over which the eye is sighted will 

in NN degree of deviation. In very young children the mother 

NN used as the object looked at and placed at a greater distance, 

1 fairly accurate results will be obtained. Where the deviation is 
SO marked or the nose high, it is advisable to turn the patient's 


Re 
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head so as to partially straighten the deviated eye in order to turn it 

cut of the nasal angle. 
Worth, of London, has eombined Maddox's tangent seales and 
Priestly Smith's tape into a strabismometer, which he has ealled a 
deviometer (Fig. 47). This is a most excellent and accurate instru- 
ment, but not as convenient as the Smith-Holzer tape. One advantage 
of the last two methods is that they take care of the angle gamma 
more accurately and with less trouble than ean be done with the 
perimeter. These methods are more convenient in the measurement 
of squint in ehildren. "This is done by having the patient fix the light 
first with the straight eye, noting accurately the relation of the 


il DRITTE mmm 
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Fig. 47.—Deviometer. ( Ne Squint.) 


corneal reflex with reference t By pupil. The tape is moved until 
the deviated eye assumes th ition of fixation, and the image on 
this deviated eye is caus ulf on the same relative position of the 
deviated eye as was no NV. the straight one. 


s5 


Subjective Measufemyitis. The subjeetive measurements of squint 

are without doubj%the most accurate methods. Their faults lie in the 

i inability to use e methods in those cases in which there is a want 

| of central KON due to amblyopia, in cases of false fixation, and 

also in ę&ħ A too young to cooperate. This last constitutes a very 

ANE as it is imperative to treat children early in order to 

get the Best results. These two tests, which are allied, are the phorom- 

he d the screen tests. Savage? has aptly described the phorometer 
t 


as follows: 
4g 

[S 
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“A red glass should be placed before the good eye. Before the 

deviating eye should be placed the rotary prism in the position for 

testing for lateral heterophoria, with the displacing prism of six de- 

grees, base up, in the cell toward the eye. The red and the yellow 

blazes of the candle or gas jet having been found, the latter will ap- | 

pear more or less removed from the vertical line passing down through ! 

the red light and in the direction corresponding to the deviating eye. 

The fifteen-degree supernumerary prism should be placed, base out, 

in the front cell, which will carry the yellow light just that far toward 

the vertical line passing through the red light. Revolving the rotary 

prism in the nasal are, the yellow light is carried still nearer the 

vertical line, which it may be made to read at some point between zero 

and ten degrees; but if this falls short, the rotary prism should be 

revolved back to zero, and a stronger supernumerary prism (twenty 
| degrees, twenty-five degrees, or thirty degrees) should be placed in 
n the anterior eell. Now the rotary prism should be turned again in the 
| nasal are and then stopped at that point where the patient declares 
| the yellow light directly under the red one. If the twenty-five degree 
| prism is in the front cell and the rotary prism stands at seven degrees, 

the prism degree measurement of the esotropia is thirty-two degrees, one- 
i half of which would give the degrees of are, viz., sixteen degrees. As 
already stated, the angle gamma does not have to be considered in í 
connection with the phorometer measurement." 


The screen test, which has been specially introduced and advo- 
|| cated by Duane‘ in this country, is described by him a llows: 


‘ ‘The patient is directed to look sharply at the t > ect, and then 
a card is placed before the right eye and passe ekly to and fro 


i from one eye to the other. 

| **Tf there is orthophoria, neither eye wil y e when eovered, and, 
Il consequently, will remain steady when thez&&egén is removed. If, how- 
n ever, there is squint or heterophoria o kəƏthan a degree or two, each 


eye when covered will deviate, and w ben) overed will turn back into ‘ 
the fixing position. Thus, if Re e er an esophoria or eonvergent 


ü squint, each eye in turn will a or toward the nose when covered, 
| and will swing out again when u rered. 
I “In squint, whether none@fstant (paralytic) or comitant, the de- 


li viation of the squinting efeWpehind the screen is ealled the primary 
deviation; that of tl y4 inting eye is the secondary deviation. 


In paralytic squint, Secondary deviation exceeds the primary | 


| (page 737); in e rO | squint, usually, but not always, it equals it. 
| ‘The amount(of j deviation can be roughly determined by inspec- 
| tion, but is best*aweasured accurately by placing a prism before the 
| eye (apex o» esophoria and convergent squint, apex out for exo- 
phoria, ar fergent squint, apex down or up for hyperphoria) and 
increas] e strength of the prism until the sereen-deviation is first 
NN nd then eonverted into a movement in the opposite direetion. 


ab 
ig prism that causes this overcorrection, less two prism-degrees, 
e ents the amount of the deviation." 


p 
oy: describing the various methods of determining the deviation of | 


Q 


squint, Duane* says: i 
LA 
aw’ 
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** No one of these methods at all approaches the screen test either in 
accuracy or in convenience. They do not show, or at least they show 
very imperfectly, the character of the squint (whether alternating or 
constant, periodic or continuous). Nor can they measure a vertical 
and a lateral deviation simultaneously, as the screen test does. Nor 
ean they measure well, as it does, low degrees of squint, and they 
cannot measure heterophoria at all. Nor ean they show, as it does, 
the varying amount of the deviation in different direetions of the 
gaze 


These subjective tests are particularly adapted to the measure- 
ment of squint in older subjects and the brighter class of younger 


children, in whom diplopia can be produced but with the amblyopie 


squint, and with the stupid or unruly child, their use becomes difficult 
and at times impossible. 

R. I. Lloyd? claimed to be able to measure squint more accurately 
than has been done with any of the methods previously used. His 
description of his method is as follows: 


“The method of combining the outlining of the blind spots and 
examination of the maeular area of the squinting eye has been gone 
over in the preceding section, but we ean simply say here that if the 
blind spot of the squinting eye is located when the good eye is fixing, 
we have a fixed point to compare with the same blind spot when the 
squinting eye is fixing and the good eye is closed. The difference in 
position of the blind spot when the eye is squinting an ^de blind 
spot when the eye is not squinting must be the scena Ne ure of 
the deviation. Some will ask how you can tell AUD squinting 
eye eenters aeeurately, and the answer is, that t Sition of the 
blind spot of the deviating eye with the good ‘closed and the 
blind spot on the recording chart should coincid Q close together.’ 


I ean make no comment orn this metho or than to say that 
such wide discrepancies as given in his tab} f measurements with 
the campometer and the perimeter wig ead one to doubt the ac- 


curacy of the one or the other. 
It is advisable to use two met 


ls"of measuring squint. In those 


measurements cannot be made, I 
Iolzer modification of the Priestly 
are good checks, one on the other. 


cases in which the above subj 

use both the perimeter anc 

Smith tapes and find DN. 
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CHAPTER VIII 
PARALYTIC STRABISMUS 


Paralytie squint is a deviation of the visual axes of the eyes caused 
by loss of power of the muscle. This is usually due to a lesion of the 
nerve supplying the muscle. The lesion may be peripheral or central, 
and it may be partial or complete. If complete, it causes entire loss 
of the action of the muscle, and is called a paralysis. If only a partial 
loss of action is present, it is ealled paresis. 


Paralytie squint is differentiated from comitant squint by 


(1) Limitation of movements. 
(2) False orientation. 

(3) Diplopia. 

(4) Positional head tilting. 
(5) Vertigo. 

(6) Age at occurrence. 


Limitation of Movements.—In comitant squint there is Qo limitation 
of the movements in any of the fields of regard ex ma very pro- 
nounced cases of long standing. The deviated A voy its 
relative degree of deviation from the fixing eye fields of regard. 
In paralytie squint, there is always limitati vs motion of the 
paralyzed eye, and this is in the direction WN mc of the muscle 
affected." 


The degree of deviation is constgnthen) CR. same degree in the dif- 
ferent fields of regard in comitant%ases, whereas, in paralytic squint 
the deviation varies with the pooh of the object looked at. If it 
happens to be in the field of t 
be greater than it would e 
sound musele. 

In paralytie S S the sound eye fixes and the affeeted eye 
squints, the dev s called primary deviation. If the sound eye 
is ecvered and po eye is forced to focus on an object, the 
unaffected gy@,will be seen to deviate much more than the affected 
eye. ren ation of the sound eye under cover is called secondary 
deviatio 1 
* 


of 
1N 


action of the paralyzed muscle, it will 


were in the field of the action of the 


is excessive deviation of the sound eye is due to an excess 
sent to the paralytic eye to force it into certain positions. 
cess stimulation is sent to both eyes, and causes the extra 


ondary deviations are usually equal. 


dec of the sound eye. In comitant squint the primary and 
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False Orientation.—lf a patient with a recent paralysis of an ocular 
muscle is made to close his sound eye and walk toward a given point, 
being guided by the paralytic eye, he will stagger toward the action 
of the paralyzed muscle. This is due to the excess nerve energy 
sent to the paralyzed muscle in an effort to adjust the eye to the objeet 
of regard, and this is so much in excess of that which is normally 
demanded that the patient is under the impression that the objeet is 
much farther to one or the other side than it really is. If, now, the eye 
is uneovered and the patient is asked to point to an object within reach, 
he will invariably point to one side, to the side of the action of the 
paralyzed muscle. This is called Von Graefe’s reaching test. 

Diplopia.—Diplopia, or the seeing of double images, is the most an- 
noying symptom in ocular paralysis and, at the same time, of the 
greatest diagnostic importance. 

Homonymous Images.—When the image of the paralyzed eye is on 
the side of the affected eye, the diplopia is called homonymous. 

Heteronymous Images.—When the image of the paralyzed eye ap- 
pears on the opposite side, i.e., on the side opposite to the affected 
eye, it is ealled heteronymous. 

The restriction of motility, strabismus, and diplopia make their ap- 
pearanee when the eye is turned in the field of aetion of md 
muscle, and become more marked as the effort is mad aT n the 
eye more and more to the affected side, and the coi M is true; 
that is, the squint, loss of motility, and diplopia ar ssened or dis- 
lireetion. Take, 


appear entirely.as the eyes are turned in the opposé 
rnal reetus. We 
and the amount of 


for example, a eomplete paralysis of the right 
have internal squint on looking straight 
deviation and the diplopia both inerease 
to look to the right; in fact, both dif&opia and squint are present 


y as an effort is made 


until the gaze is directed to the left he median line some 15 to 20 
degrees. The behavior of the d e image in the various fields of 


regard is without doubt our S lagnostie aid in determining the 
muscle paralyzed and the NN paralysis present. 

In persons with a rece ralysis, this diplopia is partieularly an- 
noying, but by tiltir head, or shutting one eye, the habit of 
avoiding the deduc formed. In some cases of long standing 
the image of the oe eye is praetieally suppressed, and thus the 
diplopia no lox annoys. 

Head QN. Tn order to avoid diplopia, whieh is not only annoy- 
ing bu ahs imes dangerous, many individuals learn to tilt their 
heads in WI direction of the action of the paralyzed muscle. By doing 
so, tag\images of the objects are made to blend, and they are thus rid 
oNDe diplopia, Take, for instance, the paralyzed right external 
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rectus. The action of that muscle is to turn the right eye out, i.e., to 
the right. In order to relieve that muscle from work, the patient turns 
his head to the right in order to relieve all action of the external 
rectus. In other words, in paralysis of the external rectus, the eye 
turns in, and the head is turned in the opposite direction to the posi- 
tion of the paralyzed eye in order to avoid the diplopia. 

In paralysis of the right rotators, the patient turns his head to the 
right. In paralysis of the left rotators, the head is turned to the left. 
| In paralysis of an elevator or depressor, he tilts his head upward or 
ll downward, and in addition he tilts his head toward one or the other 
of his shoulders, i.e., he holds his head in an oblique position. This 
| is usually more pronounced than the elevation or depression. Duane? 
TEE Says: 


| ** A vertical diplopia of 25° or more may be obviated in this way, | 
| the patient tipping the head toward the right or left shoulder accord- 

ing as the right-hand or left-hand image is higher. The patient may 

combine the side-tipping with more or less lateral rotation and up 

and down tipping, but the side tipping is the predominant, and often 

the only, abnormality of attitude.” 


Vertigo.—Vertigo in paralytic strabismus is due to the diplopia and 
to the use of the affected eye. The confusion of the douple images in 
jt the most 
e. When the 


recent cases of paralytie squint often causes vertig 


annoying vertigo is due to the use of the paralyz 
object observed les in the opposite field to the of the muscle, | 
vertigo is not observed, but when it lies in tł Id of the action of 
the muscle, objects are located too far tx Y side, and the more so 
the farther the eye is turned to that si 
As the gaze passés from the field Cx in which the paralyzed | 
muscle is not called upon to act t field in which it should aet, | 
but ean not on account of thefmgMalysis, the objects appear to fly 
with increased velocity in tł (pert in which the eye is moving. 
It is this apparent moveme objects which causes the vertigo. This 
is so severe at times as Se nausea. This is called visual vertigo, 
and is OMNEA vertigo by being relieved on eovering 
the affected eye. 
Age at Occurfenge—It is well known that comitant strabismus usu- 
| ally develops;befOfe the fifth or sixth year. A strabismus occurring 
I after that * 5 usually paralytie. ; i 
Paral Gsquint in children usually follows some serious constitu- 
onfiWis*ease such as diphtheria, syphilis, or infantile paralysis. In 
NS bjeets syphilis, focal infections, and cardiovascular diseases, 
| ssÓeiated with cerebral hemorrhages, are usually the cause. 
One characteristic of ocular paralysis is that it is very annoying 
e first, due to the diplopia, and to disturbance in orientation associ- 
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ated with vertigo. These are lessened as the paralysis lessens; and 
even when the paralysis becomes permanent, in time the vertigo dis- 
appears and allowance is made for the false positions of objects, and 
after a long time more or less suppression of the false image takes 
place. While the vertigo and diplopia become less in complete paral- 
ysis of long standing, the strabismus is increased, due to overaction 
and contraction of the opposing muscle and no doubt to loss of tone 
and atrophy of the affected muscle. In many patients the deviation 
is as marked as seen in comitant strabismus, and thus may be confused 
with it. Duane was of the opinion that many cases of comitant squint 
had their origin in a paralysis or a paresis. 

Paralysis of a single muscle is most frequently noted in the ex- 
ternal rectus. This is due in the first place to the fact that the ex- 
ternal rectus and the superior oblique are the only muscles which 
have individual nerve supply (the abducens and trochlear). A second 
reason for the external rectus being most frequently affected is that 
the sixth nerve is more exposed in its course than the other ocular 
nerves. The other ocular muscles are all supplied by the motor oculi 
comunis; hence they are not so frequently affected singly. Duane? 
says: 


‘‘Isolated paralysis of the superior rectus is quite com (more 
frequent than trochlear paralysis), and pareses of the yo rectus 
(usually very slight) are fairly common.’’ Qy 

Paralysis of the oculomotor nerve causes a dro 9 of the upper 


lid, dilation and fixation of the pupil, paral 
deviation downward and outward of the eye w 
There are certain lesions which do not gff®¢ 
affect those muscles which produce ass a) 
ing up or to right or left. Such 
paralysis. The cause of mains, O 
conjugate centers in the brain. 


VO accommodation, 
MINshght exophthalmus. 
idividual muscles but 
10ovements, such as look- 


Naralysis is termed conjugate 
lysis is due to lesion in the 


Diagnosis of Ocular Para e. diagnosis of ocular paralysis 
is made by observing, N eviation present, (2) the loss of move- 
ment of the paralyzed double vision (diplopia), (4) vertigo 
and confusion in orifnt 


Deviation. —Th e S is determined by covering first one eye 
and then the AN na observing the position of the covered eye in 
the six diag A directions. It will be observed that the paralyzed 
eye ANS ind the screen will deviate, and this deviation will in- 
N eyes are carried in the field of the action of the paralyzed 
muscle. SS paralyzed eye will lag behind in the field of aetion of its 

Wzed muscle, and the deviation will always be in an opposite 
Ad. to the normal aetion of that musele, due to the unopposed 
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action of its antagonist. The deviation of the sound eye, when the 
affected one is being used, is always greater than that of the affected 
eye (secondary deviation). 

The measurement of the deviation is best made by the use of that 
prism which abolishes the movement of redress. It is essential in 
making a study of a paralytic ease that the head be kept steady and 
erect. 

Loss of Movement.—The loss of movement is best determined by 
making the eyes follow a bright object in the six diagnostie direc- 
tions and observing in which field the paralyzed eye lags. This al- 
ways oeeurs when the object is brought into the field of action of the 
paralyzed musele, and this lagging will become more and more pro- 
nounced the farther the object is carried in this field. This is known 
as the exeursion test. 

Diplopia.—E. and M. Landolt? give the following rules for detect- 
ing the paralyzed muscle by observing the double image produced by 
regarding a candle or vertical slit of light some twenty feet away, 
one eye being covered with a red glass: 


1. To note the nature of the diplopia, homonymous, crossed (heter- 
onymous), or vertical. 

To determine the paralyzed eye by the law that ‘‘The affected eye 

is recognized by the fact that the diplopia increases when the direction 


of vision is turned towards its image. 
3. To find the paralyzed muscle by the law Pw paralyzed 
musele is the one which would have placed the e position and 
direction of the false image.”’ 


The above rules suffice for finding the S muscle acting in 
the horizontal plane. It will be seen Or: is much more difficult 
to locate the paralyzed muscle actpag the other fields of regard. 

Banister* gives a very lucid P ey ate ehart for determining the 
paralyzed muscle. (Figs. 48 aÑ 49.) 

The diagnosis of ocular pal&yJand the determination of the muscle 
affected by means of the(g'euble images produced is probably best 
made by the use of th agent plane or modified Bjerrum curtain. 
In this test the p NK s"Seated 75 em. in front of the screen, with 
head adjusted so fhN'the center pin is directly in front of, and on a 
level with, th ^ A red glass is placed before the right eye, and 
a small eleegricWfeht is carried over the curtain in the six diagnostic 


ee the points where diplopia occurs are marked with pins. 
This n ut the field of single vision. In the regions where diplopia 
oc RO patient sees two lights, one red, that of the right eye, and 
SM the image of the left eye. A black pin is thrust into the 


m; ain at the position of the white po and a white one in the posi- 


on of the false or red light. The positions of the pins indicate rela- 


DR. BANISTER’S MUSCLE CHARTS 
ADDUCTOR PARALYSIS 
Heteronymous Diplopia 
RIGHT EYE AFFECTED 


In Out 


R E 


Diagnosis Museular Actions 


Paralysis of right superior The superior rectus turns the 

rectus. cornea upwards and inwards 
and rotates the upper ex- 
tremity of the vertical merid- 
ian inwards. 


$ 
e 


imernal rectus turns the 
cdkn horizontally inwards. 


Paralysis of right internal Th 
rectus. 


oO 


The inferior rectus turns the 
cornea downwards and in- 
wards and rotates the upper 
extremity of the vertical 


meridian outwards. 
Paralysis of right in 


rectus. 
CO 


Q 
N 


Ao Banister’s muscle charts, adductor paralysis. 


SS 


ABDUCTOR PARALYSIS 


Homonymous Diplopia 


In Out 


3 : Muscular Actions 


The inferior oblique turns 
the cornea upwards and out- 
wards and rotates the upper 
extremity of the vertical 
meridian outwards. 


Diagnosis 


Paralysis of right inferior 
oblique. 


Paralysis of right external 
rectus. 


The externa ect™ turns 
the eyeball h9WiZwnt4Zlly out- 
wards. Q 


O 
S 


WEN ~) 


Paralysis of right superior 
oblique. The superior oblique turns 
the cornea downwards and 
outwards and rotates the up- 
per extremity of the vertical 
meridian inwards. 


Fig. 49.—Dr. anister’s muscle charts, abductor paralysis. 


N. B. The false «€ is always displaced in the direction of the normal action 
of the paralyzed 1 and to a degree commensurate with the movements of the 


fixation object in direction. 
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BEHAVIOR OF THE DOUBLE IMAGES 
IN PARALYSIS OF THE OCULAR 


Left-sided MUSCLES. Right-sided 
paralysis (The apparent image has a dotted paralysis 


outline. ) 


EXTERNAL RECTUS 


Diplopia appears in looking toward 
the paralyzed side. 

The lateral separation of the images 
increases as the paralyzed eye is ab- 
ducted. 


INTERNAL RECTUS 


Diplopia on looking toward the sound 
side. 

The lateral separation of the images 
increases in adduction of the paralyzed 
eye. 


SUPERIOR RECTUS 


Diplopia on looking up. 

The vertical distance between the 
images increases as the paralyzed eye 
is elevated and abducted. 

The obliquity increases in adduction. 

The lateral separation of the images 
diminishes (as the eye is abducted; in- 
creases as it is adducted). 


INFERIOR RECTUS 


Diplopia on looking down. 

The vertical distance between the 
images increases as the paralyzed eye 
is depressed and abducted. 

The obliquity increases in adduction. 

The lateral separation of the images 
diminishes (as the eye is abducted; in- 
creases as it is adducted). 


SUPERIOR OBLIQUE xO 


Diplopia on looking down. 


The vertical distance betwee e 
images increases as the par Te 
is depressed and adducted. 

The obliquity increases gwit ab- 
duction. 

The lateral distance b n the im- 
ages diminishes (as the is adducted ; 


increases as it is abduct 


Qu. 


up. 

liSftance between the 
as the paralyzed eye 
d addueted. 


is depre a 
Tr TS increases with the ab- 
M gh 
e 


INFER 


Diplopia on, 
The ver 
images in&g 


teral distance between the 
imag nereases as the eye is elevated 


æd abducted. * 
AO 


Fig. 50.— Behavi (e double images in paralysis of the ocular muscles. (Fuchs’ 
e Textbook of Ophthalmology.) 


tions NS ouble images, and their degree of separations in the 
differentNf'elds of regard aids in determining the muscle involved. 
It-] ways best, where the patient will fix with either eye, to make 
MO tésts with the red glass first on one eye and then on the other, 
Ò the deviations will become more marked as the affected eye is 


o 
NM 
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being used, due to the secondary deviation being always greater. 
Duane? gives us an excellent chart of the behavior of the double 
images in ocular paralysis (Fig. 50). 

It must be remembered that the image formed by the paralyzed 
eye always lies on the side toward which the diplopia increases, and 
that the image belonging to the paralyzed eye is displaced in the 
same direction in which the affected muscle, if acting, would move 
the eye. 


Tilting of the Double Image.—Sinee tilting of the eye is affected 
by two sets of muscles, the two obliques and the superior and inferior 
recti, it becomes necessary to consider the actions of these muscles to 
make a diagnosis by the tilting of the images. "The superior reetus 
and superior oblique intort the eye; henee the meridian of the eye 
when these museles are affeeted will be extorted, or tilted out, and 
the image of objects seen will be tilted inward If the superior rectus is 
affected, the image will be above. If it is the superior oblique, the 
image will be below. 

The inferior rectus and inferior oblique rotate the vertical meridian 
outward and in paralysis of these muscles the vertical meridian is 
turned in, or intorted, and the image formed will be tilted outward. 
If the inferior rectus is affected, the image is below, and if inferior 
oblique it is above. SS 


Difficult Cases.—In cases of paresis, and in MA $ several mus- 
cles paralyzed, it becomes increasingly diffieult cate the affected 
muscle or muscles. Unequal visual acuity < the patient to 
use the paralyzed eye, also previous mus¢é e TE that is, an 
esophoria or exophoria might add tozgWr)diffieulty, as well as con- 
traetures from old paralyses. A waht Y ntelligence on the part of 
the patient, or at times a want €f cooperation on the part of the 
patient, adds to our difficulties. Q 

Location of the Lesion. NX o) ar palsies are due to some lesion either 
in the cortical centers or Nd ze tracts from them to the eye. These 
lesions are divided NG ranial and orbital. Intracranial lesions 
are those which O w in the cranial cavity. These various 
lesions are nam rding to the location of the lesion. These are 

ce 


best divided int ranuclear and nuclear. 

Supranue]G@aylesions are those affecting the cortical centers (cortical 
paralysis vestibulocerebellar tracts, or the conducting paths from 
the a vo to the nerve nuclei located on the floor of the fourth 

S A lesion of the fibers connecting these centers is called 
NN ilar or radicular paralysis. Where the nerve trunks are affected 
ong the base of the skull it is termed basal paralysis. Supranuelear 
edions never cause conjugate paralysis, or paralysis of convergence or 


ze accommodation, but at times they cause ptosis. 
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Nuclear Lesions.— These comprise injury or disease affeeting the 


nuclei of the ocular nerves. They usually cause paralysis of several 
ocular muscles (central ophthalmoplegia), and these paralyses are 
usually bilateral; inasmuch as fibers go from each oculomotor nucleus 
to both eyes, any extensive lesion would affect both eyes. Extensive 
lesions of the nuclei cause paralysis of all the ocular muscles (total 
ophthalmoplegia), both exterior and interior. Slight nuclear lesions 
may affect only one or two muscles, or may cause paralysis of external 
ocular muscle only (ophthalmoplegia externa), or may affect the 
pupil and accommodation only (ophthalmoplegia interna). This lat- 
ter is frequently found in patients suffering with cerebral lues, and is 
also found in early stages of tabes and of paresis (which are often 
luetic). Acute cases occur from various poisons. 

Fascicular Paralysis is diagnosed when there is a paralysis of an 
oculomotor nerve on one side and at the same time a paralysis of the 
extremities of the opposite side. 

Basal Paralysis is indicated in (a) unilateral total paralysis, uni- 
lateral total oculomotor paralysis, or when a number of the cerebral 
nerves of that side of the face (facial, auditory, optic, and olfactory) 
are paralyzed one after the other. (b) When the affection of the 
trigeminus begins as a neuralgia in central paralysis. (e) Disturbances 


of vision, unilateral blindness without ophthalmoseopie find) also 


temporal hemianopsia. 
Orbital Paralysis.— When the paralysis is due to inju y the nerve 
or muscles within the orbital cavity, it is called orbitgfyavalysis. The 


diagnosis of orbital paralysis is usually made by > accompanying 
symptoms which indieate some lesion within Orbit. "These are 


J 


pain in the orbit, tenderness on pressure, 'e of tumor in orbit, 
which may be detected by palpation or dp qu unilateral 
optic neuritis, or evidence of trauma. e most frequent causes of 
orbital paralysis are tumors, injuries\yhflammations of the orbital 
tissue, the latter due in large mea to infections of the accessory 
nasal sinuses. Other causes ean i1mes be found for ocular pareses 
which are transient in the] r@ These are considered to be due 


to colds, and are spoken 


‘heumatie paralyses. This condition is 
usually a true ee QU e few cases are myogenous, due to either 
a degeneration, inflamPwa#on, or nondevelopment of the muscle. These 
probably best expa Treacher Collins’ hereditary ophthalmoplegia 
externa. Myas a at times affects the ocular muscles, causing a 
paresis which&SMcreased rapidly by exhaustion. 

Conge aralysis.— This probably occurs more frequently than 
the NN textbook would indicate. The most frequent muscle to 


be TS is the superior rectus. These lesions are often incomplete 
aye readily overlooked. Slight paresis of the inferior oblique is 


LÉ 
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fairly common. In congenital paralyses of the external and internal 
reeti, we get what is known as retraction syndrome; when the eye is 
direeted inward it retraets into the orbit and deviates upward, at the 
same time the palpebral fissure closes. Many eases of congenital 
paralysis are due to either weak, or absent, museles, or to birth 
injury. 

Prognosis.—In ocular palsies the prognosis must always be guarded. 
The first indieation is to find the eauses, and these are not always ap- 
parent even after the most exhaustive study. The duration of the 
paralysis and the accompanying symptoms must be considered in 
making our prognosis. The longer the paralysis has been present, 
the graver the prognosis. 

Treatment of Ocular Palsies.—Of necessity, the first indieation is to 
find the eause. A thorough serologie and physieal examination of the 
patient is essential. Syphilis, sinusitis, rheumatism, orbital tumors, 
and cerebral lesions must all be investigated, and by competent as- 
sistants. Where any of the above are demonstrated, they must re- 
celve proper treatment. In syphilis, the arsenieal preparations are 
indieated, followed by mereury, and at times massive doses of 1odides. 
If the sinuses are infected, energetic local or operative treatment must 
be conducted by a competent rhinologist. In rheumafii cases, after 
eliminating all foci of infection, alkalies and ation proper 
dietetic regimen are indicated. In chronic cases Py ricity is often 


of benefit. S 
Operative Treatment of Paralytic Squint. rative procedures are 
not justifiable in any recent paralytic sq 2 Usually it is advisable 
to wait one year after the most exh ye treatment has failed to 
give relief before an operation is Ad In eongenital squint, as- 
sociated with head-tilting and oth&& evidence of discomfort, we should 
operate early. As in comitant Ovi. there are two types of opera- 
tive procedures which can aig. One is to weaken the strong 
cr overacting muscle by Cx omy or recession, and the other is to 
strengthen the action«o reak muscle by shortening or advancing 
Non by advaneement, tueking, or resection 


its insertion. This 
operations. (Sg@chgHter on Operations.) 

The us a paralytie squint due to a lesion of one of the 
lateral mum Lois best done by means of an advancement or resection 
of the Ro muscle accompanied, at the same time, by a tenotomy 
or rec NoT of the overacting antagonist. 

Sea paralysis, the paralyzed muscle should be shortened and 
f Necessary a partial tenotomy or a recession done on the antagonist 

the same eye. When this work is measured, very satisfaetory re- 
sülts can be secured. 
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Duane? advises the tenotomy of the inferior oblique of the sound 
eye in paralysis of the superior rectus. Posey and others have ad- 
voeated this procedure. It is efficacious in congenital cases in which 
there is a marked upshoot of the sound eye when the paralytic eye 
fixes. I must agree with Banister, however, that there is serious ob- 
jection to sacrificing the function of the inferior oblique if the eye 
ean þe straightened otherwise. 

The operative indications in paralyses of the obliques are well stated 
and illustrated by Banister* as follows: 


Left Superior Rectus | Right Inferior Oblique 


OUT (1) IN IN (2) OUT 


r 2 7 
vs r% 


R uter L (/ R 


Paralysis of left superior rectus. Paralysis of right inferior oblique. 
An adductor muscle. An abductor muscle 
Heterony mous images. Homonymous images. 


-Left Inferior Rectus 


OW e os or 88) IN 


REAK 


N 


NES 
Paralysis of left inferior rectus. Paralysis of right superior oblique. 
An adductor muscle. An abductor muscle. 
Heteronymous images. Homonymous images. 


Fig. 51.—Dr. Banister's prit O? paralysis of the obliques with operative indica- 


tions tħe contralateral muscles. 


‘‘In paralysis, on t ther hand, of either the swperior or inferior 
oblique, this E of the operation to the affected eye is imprac- 
tieable from a ical considerations, and the respective contra- 
lateral muse ist be set back by tenotomy to secure relief from 
the dipl Roy inducing a deviation of a similar character in the 
ease of NM und eye. Fusion then becomes attainable. The prin- 
ciples m sad will be illustrated in the accompanying diagram, which 
er has devised. (For positions assumed by the images of the 
zed eyes see Fig. 51.) 
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*Similar states of contralateral parallelism would occur in simul- 
taneous paralyses of the right superior rectus and left inferior oblique, 
on the one hand, and of the right inferior rectus and the left superior 
oblique, on the other. In consulting the diagram just referred to, it 
ean be seen, for example, that if the right inferior oblique muscle is 
paralyzed, the image of the right eye will assume the position of R 
(2). If the contralateral left superior rectus is purposely set back by 
a tenotomy, it will lose power over the globe sufficiently to cause the 
image of the left eye to take a position approximating that of L (1). 
The images of the two eyes, R (2) and L (1) will therefore harmonize 
in position, and can thus be fused with relief of the diplopia. This 
diagram will apply with equal pertinence to other contralateral prob- 
lems.”’ 
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CHAPTER IX 
THE EXAMINATION OF A CASE OF STRABISMUS 


An exhaustive and systematie examination is absolutely necessary 
in every ease of squint. This is particularly true in young subjeets 
in whom it may yet be possible to secure binoeular vision. By this 
means only is it possible to obtain the necessary facts for laying out 
a rational and scientific course of treatment to be carried out in a 
given ease. We are indebted to Claude Worth for his insistence upon 
the early and scientific analyses of cases of squint. The following 
method of examination of squint eases is slightly modified from that 
recommended by Worth :' 

(1) History. 

(2) The type of the squint. 

(3) The power of fixation in the deviating eye. 

(4) Movements of each eye. 

(5) Convergenee and aecommodation. 

(6) Determination of the visual acuity. 

(7) The determination of the degree of binoeular vision ee 

(8) The degree of deviation. XO 

(9) The refraction. Qy 


(10) Ophthalmoseopie examination. 


The above methodical examination I have usc 
glanee, it seems superfluous; however, I feel 
essary if we are to know all that we shot 
radically with the treatment of a case gf ! 

History.—(a) Age at onset, and duyan. This is most important, 
and should be obtained with as muchNageuracy as possible. It often 
Qy the squint, and aids in direct- 
1 is from birth, the possibility of 
lated with more or less amblyopia 


years. At a 
very step is nec- 
w before proceeding 
i. 


gives us an insight into the natur 
ing the treatment. If the devi 
its being a eongenital squi 


due to a defect in one org eyes, such as scars on the cornea, con- 
genital cataract, or C itral fundus lesion) should be considered. 
If the squint occurs DWaeen the second and third years, and is mon- 
ocular, amblyopia Gy pt to occur early and become marked if means 


are not used fc y relief. 

Duration. Q, case is of only short duration and periodic, it will 
in all p NN wity be relieved by the use of glasses and orthoptie exer- 
cises. N is of long standing, with a marked degree of blindness, 


e? 


monekeral, and of high degree, glasses and exercises will probably 
be liftle avail, and some operative procedure will be necessary. 
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(b) The second thing to be considered is the mode of onset— 
whether intermittent, alternating, or constant, and the duration in 
each class. This also is of diagnostic importance, as a ease which is 
intermittent is more apt to yield to treatment than one which is prac- 
tically constant from the start. 

(e) Supposed Cause.—The parent invariably has some specific idea 
as to what caused the child’s eyes to cross. It is always of interest, and 
is often instructive, to obtain these ideas. There is no question but 
that many of the acute illnesses are contributing causes of squint, as 
has been mentioned elsewhere. 

(d) Heredity —Donders claimed that he found heredity to have very 
little or no influence in squint cases. Browne and Stevenson thought 
that there was quite a hereditary tendency. Worth has shown us 
there is a decided relation to heredity in squint. I have found that 
those cases with hereditary histories require earlier operative inter- 
ference and as a rule a longer fusion training to secure binocular vision 
than is required where the element of heredity is not present. It is 
in this particular type of case that we are apt to find essential squint, 
or, as Graefe first described this condition, ‘‘antipathy to binocular 
vision." Worth found 51.78 per cent with more or less remote heredi- 
tary connection. There are, however, many cases in which for genera- 
tions there is no relative, even remote, who has bee Affected with 
squint. 

The Type or Character of Squint.—(See ç Cpr on Types of 
Squint). Worth classifies squint into: 

(1) Occasional squint, of which there acy ro classes: (a) Pre- 
monitory oceasional; (b) true occasional] XS 

(2) Constant unilateral squint. 

(3) Alternating squint, of whch ‘re are two distinct classes: 
(a) Accidentally alternating iN essentially alternating squint. 

Savage? describes esotropia_unWer periodic, alternating, and perma- 
nent, stating that the san se at different times may present all 
these conditions. 

Duane,? who has eur subject as much thought as any one in 
Ameriea, divides sq NS do the following: 

«1. Constant Wt present all the time; intermittent, if, under the same 
conditions ofavision, it is sometimes present, sometimes not. (This is 
the periodk rest writers. ) 

o A) tous, if present to about an equal degree in both distant 
and nN sion; periodic, if very much greater for near objects than 
fo WN ee, or viee versa. (In former ease it is said to be direetly, in 
UN er, inversely periodie.) 

«4. Comitant (or concomitant) if the amount of deviation remains 

e same, and noncomitant if it changes notably, as the eyes are earried 


a different directions. 
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‘‘ Finally, a squint is called monocular, if with both eyes open, it al- 
ways affects the same eye, and is then called right or left, according to 
the eye affected; and it is called alternating if, with both eyes open, 
sometimes one eye, sometimes the other, deviates."' 


It is exceedingly important to note the type of squint present and 
its duration. This aids materially in our prognosis as to time of treat- 
ment, nature of same, and duration, and the ultimate end-results to 
be expeeted. In periodie intermittent eases of only a short duration, 
one would expeet an almost immediate relief of the condition, after 
a careful refraction and adjustment of the proper glasses and or- 
thoptie training as indieated in the chapter on Nonoperative Treat- 
ment of Strabismus. 

If it is of an alternating type, has been present since two years of 
age, or earlier, and of marked degree, glasses will probably not re- 
lieve it, and an operation will in all probability be a necessity. If it 
is constant, and of but short duration, with good aeuity of vision and 
of low degree, glasses, atropin, and exercise will probably bring about 
a eure. If eonstant, of long duration, high degree, marked amblyopia, 
glasses and atropin will probably not cure, and an early operation 
may be advisable. Thus we see the immediate and remote impor- 
tance of determining at first the character of squint present. 

Simple inspection will usually reveal the type of squii «M ex- 
perienced oculist; however, a ease with high angle g a or the 
overhanging of tissue in the inner angle may cause t, on to 
mislead us and further examination may become 
best determined by the monocular fixation test, NN 
or, best of all, the mirror test. 


Monocular Fixation Test—We cover KA) with a card in such a 
manner that the eye can be observed ?&d at the same time request 
the patient to fix attentively some distapt object. An observation of 
the uncovered eye will inform 7S) it is fixing centrally or eccen- 


trically, or not fixing at all. Op iri deviation of the covered 


geSsary. This is 
ular fixation test, 


eye will be apparent. 


Binocular Fixation Tesh 
when directed at som: 


NOS o of the positions of each eye 
t objeet will usually indieate whether there 
is any marked deviati By means of the screen test, i.e., alternately 
covering one ey on then the other with a card, we are enabled to 
detect even th Ay test degree of deviation. 

Where b S orthophoria, neither eye will deviate when covered; 
if, ToS 
eye w TNN SI when covered. In ease of convergent squint, when the 


iere is some heterophoria or heterotropia present, the 


one te fixes the other will turn in, and will straighten when uncovered 


N hé other screened. The deviation of the eye behind the screen 


— ee 
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is called the primary deviation. The amount of the deviation present 
can best be measured in intelligent patients and those old enough to 
eooperate by placing prisms in front of the deviating eye of such 
strength as to abolish the deviation on being covered and uncovered. 
Duane advises placing prisms in front of the eye until the eye is 
caused to deviate in the opposite direction, and ‘‘the-first prism that 
causes this overcorrection, less 2 prism degrees, represents the amount 
of the deviation.’’ 

Mirror Test.—This is a most satisfactory way of determining whether 
or not strabismus is present. The patient is seated in a dark room 
with a light behind him. "The surgeon is seated about two feet in 
front, and reflects the light into the patient's eye by means of the 
mirror of the retinoseope or ophthalmoscope. The patient is told to 
look at the mirror, when a tiny, bright image of the light is seen at 
or near the center of the cornea. The light is now flashed first on 
one eye and then on the other. Any deviation is at once detected by 
the position of the image on the cornea. In comitant squint the pri- 
mary and secondary deviations are usually equal. In paralytie squint 
the secondary deviation is greater, and in spastie squint the primary 
deviation is usually greater. 

Fixation of the Deviating Eye.—lt is important to eU whether 
the deviating eye fixes properly. This simple test x t made in 
the dark. The patient is seated with a light behin@ijm, and is asked 
to look at the retinoseopie mirror as the lighf&j9?*reflected into his 
fixing eye. The position of the image is no jn the cornea. Now 
the fixing eye is covered and the light xo a in the previously 
Mon, this eye will immedi- 


deviating eye. If it possesses centre 


ately become straight and the imag light will be in the same 


Nwas on the previously fixing eye. 
eye will fix the light with this 


relative position on the cornea as 

If there is an eccentric fixation, 

spurious macula, but a certa amount of deviation will still be pres- 

ent. This test is importan 3« cases with no fixation indicate marked 

amblyopia. "These "WO hose with false fixation, are more diffi- 
" y 


cult to cure than th hieh eentral fixation is well developed. 


Movements o 
and requiring th 
gard. Thisefwfr)be done with young children by using a flash light in 
a dark r N Adversion until the cornea is within one or two mm. 
of the e and abversion of the cornea to the external canthus 
sh considered normal. Any marked want of deviation in the 
SN cardinal directions ean be readily „detected. This test enables 

to detect an overaetion or underaetion of any set of muscles. The 


Eye.—This test is made by covering one eye 
atient to look into the six diagnostie fields of re- 


Ns seles which are usually most affected in squint cases are the 
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lateral rotators. Often the interni overaet and contractures take 
place, while the externi may atrophy or become markedly insufficient. 
The tropometer of Stevens is of great aid in determining the mus- 
cular status, and should be used in every ease where possible (Fig. 
| 52). In very young subjects accurate measurements are often diffi- 
cult or impossible to make, but with patience and repeated efforts 
much can be done even in the youngest. This simple procedure is 
too often neglected. It aids very materially in determining an over- 
acting internus or an insufficient externus. There is not usually any 
marked overaction of the interi in recent cases of squint, but in old 
eases it often becomes marked, and a knowledge of this is of much 
benefit in determining what operative procedure to use. | 


eme 


Fig. 52. 
Convergence.—It is advantage to note the static and dynamic | 
. LI LI * Li * \ 
convergence in squint cases. . ersons with orthophoria, looking at | 


equal to the angle of the squint. If he 


a distance there is no KA e, but if he has convergent squint, | 
there is a static converg 


now looks at a near , à certain amount of dynamic convergence 
is required in addit to his static convergence. This added con- 
vergence causes already deviating eye to turn in more, henee the 


degree of squzf$Ns usually greater for near than for distance. This 


is often gp 
tients £ NN bled to control their static squint until the dynamic con- | 
verge NS called into action by the eye accommodating to see a near 1 
object. The near point in cases of squint ean be measured by having | 
üght eye fix an objeet which is being gradually brought toward 


i 
H 
i 
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the eye, at the same time watching the movements of the deviated 
eye. As the object approaches the eyes, the deviating eye will be 
seen to partially correct itself. This point is the p. p. If this is very 
close to the eye, it indicates an excessive dynamic convergence. 
Duane* claims that practically all cases of comitant squint are pro- 
duced by an ''anomaly of convergence combined with one of diver- 
gence.’’ He states that ‘‘The ordinary form of esotropia is due to a 
convergence-exeess combined with a divergence-insufficiency.’’ Cases 
in which the degree of deviation is markedly increased for near 
(periodie-Duane) and decreased at a distance are certainly due to an 
anomaly of convergence or divergence, or both. 

Determination of the Visual Acuity.—This is one of the most im- 
portant tests to be made in our examination. The acuity of vision is 
one of our chief prognostie guides. The greater the degree of acuity, 
the more hopeful; whereas, the greater the defect, the greater is our 
difficulty. Buffon first, and Javal afterwards, called our attention to 
the importance of improving the visual acuity as a means of curing 
strabismus. 

The ordinary method of determining the acuity of vision is by the 
use of the Snellen test-types for distance. The type recommended by 
E. Jackson, and that by Ewing and Green, are efficient and accurate 
and we recommend their use. If the types are wel ected, this 
method is efficient where the subject can read the le a In cases of 
illiterates and in younger subjects, various illiterQly charts may be 
brought into service. 

Worth’s ivory balls are very good for dete 
very young children. These balls are of dj 
on the floor one at a time at some distgttee 
eye bandaged or occluded, and he A 


ing the vision in the 
t sizes and are thrown 
om the ehild, who has one 
ired to run and piek up the 
ie ball when placed at a certain 


ball. His ability to go directly t 
Qin: the size of the ball used, to 


distance enables the examiner, co! 


arrive at a fair idea of his vi: acuity. It is always well to conduct 
these examinations in the sence of the parents, as any marked 


amblyopia can be tl 
more certainly secur 


NO 1 and their cooperation in the future 


The first step Wft reatment of a case of squint is to bring up the 
visual acuity whWggZit is found defective, and by means of accurately 


determining visual acuity on the first visit, and subsequently, the 
progress e ease ean be at all times determined. No ease with 
markgqafa yopia will ever develop very useful binocular vision or 


TORN d no ease of strabismus is ever really cured without fusion; 


heme 


The Determination of the Degree of Binocular Vision or Fusion.— 


Gà looking at a distant object, an image of the object is formed on 


he importance of the visual acuity. 
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each retina, but the individual is not aware of this fact. The two 
images fall on the two foveae and are converted into one image, and 
we see only one object. This combining of the two images into one 
mental picture is called fusion, or binocular vision. This is supposed 
to be controlled by a special center in the brain known as the fusion 
center, and the mental faculty by which fusion is effected is termed the 
fusion faculty. 

Inasmuch as it has been long known that binocular vision or fusion 
was an essential to straight eyes, it becomes necessary in the study 
of squint to determine the degree of fusion present. We are greatly 
indebted to Javal, E. Landolt, Remy, Parinaud, and particularly to 
C. Worth, for their work in stressing the importance of binocular 
vision or fusion as an essential in the treatment of squint. No one 
can place an eye straight by any method, and keep it straight, without | 
binocular vision or fusion. C. Worth! says: 

‘“When the fusion faculty is fairly well developed, neither hyper- 
metropia, nor anisometropia, nor heterophoria ean cause squint.’’ 


To determine the degree of fusion, it is best to use some form of 
stereoscope. The amblyoseope of C. Worth as modified by Black is | 
ation of 

of the 
Wells.” 


one of the best. The Holmes stereoscope, which is a modifi 


the Brewster instrument, is in common use in America. 
best instruments is the Phoro-Optometer stereosco 
Worth's classification of fusion into different grades j 
study, but it must be remembered that there are; 


remarked, ‘‘57 varieties of fusion." Worth digi usion into: 
E { 
First grade. Simultaneous macular perg OQ | 
a H . . I 
Second grade. True fusion with some ¢ de. | 
Third grade. Sense of perspective. f 
The use of colored glasses before KO eyes, one red and the other 
green, to determine the presene ' binocular vision, was presented | 
to the medical congress at Gen m 1880 by Javal. This was further | 


perfected by M. Bravais Cy , and by M. Donders, of Holland. 
Snellen colored glasses, NN 
efficient method of c 
53, ‘‘four dots tes? n Chapter X, Nonoperative Treatment of 
N Strabismus.) $I e of the Hering drop test for the sense of per- 
| spective is on he oldest and best. I have found the use of the 


as the ‘‘Dot Test,’’ is a very rapid and 


1ing the second grade of fusion. (See Fig. 


reste Fa h the various charts efficient for making ordinary 
tests f 1. (See Chapter X on Nonoperative Treatment.) The 
ON of the degree of fusion present in each ease is of great 

im} hae as it is of the highest prognostic value. A squint of re- 
ae currence in a patient with good acuity of vision in each eye 
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with fairly good fusion can certainly be eured; whereas, if it be a 
case with poor fusion, poor vision, and of long standing, the prognosis 
is not so promising. 

Measurement of the Deviation.—This is considered of so much im- 
portance that a chapter has been devoted to the subject. This should 
be aecurately done on the first examination and on subsequent exami- 
nations until a very definite measurement has been seeured, and this 
should be repeated onee or twiee a month thereafter until the patient 
is cured either with or without an operation. Our records of the prog- 
ress or want of progress in these cases is our chief guide as to when 
to operate or on whom to operate. As to the methods for determining 
the angle of the deviation, I beg to refer the reader to the chapter 
on this subject. 


The Refraction.—The refraction of the eye is determined by retinos- 
copy after the use of a 1 per cent solution of atropin. In very young 
children it is advisable to use an ointment or a weaker solution, as 
distressing symptoms have been provoked by the use of 1 per cent 
atropin solution in very young subjects. The importance of accurate, 
painstaking retinoscopy cannot be too strongly urged. It often re- 
quires much taet and at times a great deal of patienee on the part 
of the surgeon to do a satisfaetory retinoseopy on a very Xoung child. 
This is so important, however, that it should be obtas y 
it require several sittings. The importance of O 
seen, as this is the sole method of determining ; 


en though 
n readily be 
raction of these 


young subjects, and our end-results depend nw our accuracy. In 


case of defective fixation, the retinoscopyQ&est made by causing 


the fixing eye to look at an object helgad ich a position as to bring 
the deviating eye straight and then eM with the retinoscopy on 


that eye. In young subjects in parteular, it is advisable to determine 
the weaker refractive meridian ie eye with a sphere and use a 


eylinder to correct the oppo; 3 


meridian. By this method one can 


better arrive at the proper Tor the cylindrical correction. 

Where practicable, NS sen should be tested with the correction 
placed before the paf s eyes. After the retinoscopy has been care- 
fully checked a1 le» carefully and accurately recorded with cor- 
rection, glasses s d be prescribed and worn before the eyes recover 
from the aér@m. It is my custom to order the full amount of cor- 
reetion en iypermetropia less .50 D as reeómmended by Worth 
with BS reetion of the astigmatisms. In subjeets older than five 
ENS ige, in whom it is noted that the eyes occasionally turn in 


wit 


le ordinary distance lenses, on prolonged close application for 
xh I have been in the habit of prescribing, according to the method 
XO! Javal, an overeorreetion of from 1 to 2 D for these children to use 
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WILKINSON’S STRABISMUS CHART 
Date 


NAME ADDRESS y PARENT 3 
Age [Age of Onset Mode of Onset |Heredity |Given Cause 
HISTORY 
Direction [Constant |Intermittent|]Monolateral|Alternating [Eye Crossed 


TYPE of 
SQUINT 


R 


FIXATION 
L 
a SSS (Le eee 7 Date 


BYE NOVEL R E [Up pow | R E [Up [own | 

(trepo- Se a Dd ARI HR 

neces a a ond 
L 


CONVERG- Convergence Excess Divergence Excess 
ENCE onvergence Insuff. Divergence Insuff. 


[Dates i Date nme i Date |After T. or Op. 
Neer[hiei icai Neas| Disi] icni|Near|Disi teal 

DEGREE  |Near|Dist| ical| Dist ical|Near|Dist ical 

of DEV- | 

IATION R | | 
T | | 


Obverse side. xe 


DEGREE Grade| Date ~ 
of t. 
FUSION end 


OPHTHAL- NO 
MOSCOPIC 
FINDINGS C» 


e Reverse side. 


140 STRABISMUS 


in studying, and find that many of them will maintain binocular 
vision in this manner, whereas they are unable to do so with their 
distance lenses. I have been using bifocals for this purpose in those 
patients in whom the eyes are straight for distanee and squint on 
near use, and find them of much aid in some cases. 

Ophthalmoscopic Study.—During our study of refraetion, while the 
eyes are under the influence of atropin, it is necessary to examine the 
eye earefully with the ophthalmoseope. While it is true that the 
retinoscope will show us defects of the cornea and opacities in the 
lens when present, it is always desirable to make a careful study of 
the fundus at this stage. It is particularly desirable to know the 
state of the macular region and the condition of the optie nerve, and 
this information ean be obtained by the use of a little tact, even in 
the youngest of children. 

I devised the accompanying chart which I have found a great help 
in making a methodical examination, providing at the same time a 
systematie record which is of inestimable value in the direction of 
the treatment in each ease. 
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TREATMENT OF STRABISMUS 


It has been deemed advisable to divide the treatment of squint into 
two chapters. 

The first chapter will deal with the Nonoperative Treatment, and 
will cover that subject rather fully, as I feel that with the early coop- 
eration of the parents and the family physician, much more ean be 
done than is being accomplished at the present time. Earķy scien- 
tific care of these young subjects will prevent both tl AN lyopia 
and the neeessity for operative procedure later. XN 


The second chapter will deal with the Operative Ty ent. In this 
chapter are presented many operative procedures of which have 
sufficient merit to justify their presentation. 1 ition I have pre- 


d for 


sented new and more definite procedures, 


earlier and more exaet surgery. 
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CHAPTER X 
NONOPERATIVE TREATMENT OF STRABISMUS 


The first and most important step in the nonoperative treatment of 
squint is educational. Every mother ought to know that squint in her 
child is amenable to early treatment, and that it is nof a simple thing 
that the child will outgrow, but a very serious matter if neglected. She 
ought further to know that the early treatment may be a very simple 
matter, whereas, if the child is neglected, the treatment of necessity be- 
comes a more serious and tedious matter. Glasses, the use of atropin, 
and exercise will usually cure these patients when seen early, but 
when neglected, and vicious habits are formed, it takes years of most 
persistent exercise and treatment to secure the same result that could 
have been secured with ease, had the case been treated from its in- 
cipiency. 


Javal! says: 


“The reestablishment of binocular vision by exercise usually re- 
quires as long a time as that which has elapsed AN commence- 
ment of deviation. <A child of eight who comment tò squint at 
four may be cured at twelve years of age.” 

Many, if not most, of the neglected cases canidver be cured except 
by operating, and then they are never so o. as those who receive 
the proper early care and are cured wifhWiM operating. 

The mother and the publie in Qu must be taught that the 
surgieal operation for the relief ea nt is not the simple matter of 
‘‘snipping a little muscle, but (Sy most difficult and exact surgical 
operation. Every teacher ngs eraded schools ought to be taught 


that any eross-eyed us «e school is a neglected child, and should 
insist on its being relev ts deformity. 


The edueation of N Se jer and the teacher is not our biggest edu- 
cational task; t Ari work must begin at home, right in 
our own medic fgmily. The doctor needs to know more about the 


squint Me, à xs to know that the time to do the most good is 
from the e of the case. z 
ANN id Stevenson? say 


SS SM ise to prophesy, but I venture to say that, if general prae- 
érs will reeognize the faet that all children are liable to squint, 

d that squints in the periodic stage are curable, whereas those in 
hè habitual stage are very difficult to cure, and that treatment should 
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be begun, no matter how young the patient may be, immediately after 
the first ‘glide of the eye’ has been observed, squint will almost 
vanish." 

Browne and Stevenson here voice the opinion of most of the pro- 
gressive ophthalmologists in this country, and I wish to add that if 
the oculist is ever to see these cases early enough, it will be at the 
advice and insistent counsel of the family physician and the pediatrist. 

Mr. B. Harman? found that over 80 per cent were seven years of 
age or over when they first presented themselves for treatment. He 
also found of the monolateral squinters that 45 per cent had no, or 
dubious, fixation. He remarked that ‘‘treatment of such cases is 
little more than beauty doctoring.’”’ 


Dr. D. W. Wells* says: 


‘‘Of all the private cases of esotropia seen by the writer during the 
last five years, only 25 per cent were less than six years old." 

C. Worth tells us that after the age of six, or at most, seven years, 
the training of the fusion faculty is scarcely worth the effort, hence 
something must be done to awaken the physicians to their duty of 
referring these children for treatment earlier 

They must be taught that squint is curable in its incipiency, and 
they must also be informed that it is difficult and often imposible to 
cure neglected cases. They must know also that egy ass can- 
not be cured by a simple operation, and that the mer t that we 
get a cosmetic result does not mean a cure at all, e y a relief 
of a deformity, with the loss of an eye. They know that to 
advise a mother to ‘‘let the child alone; he w, 
Ny organ is concerned, 


OQ it," means 
not only a lost eye as far as a useful-fung 
but it usually means an expensive, tedio pération. I can assure 
you this is the penalty that these pare% suffer for following such ill 
advice. No physician worthy of the Gre would give such advice if 


he were better informed, and it sy duty of the oculist to teach his 


fellow practitioner these facts. e 
Our third educational s still eloser at home; it is in our 


own ranks. Many, I fe: ST say the majority, of the men who 
make a specialty offfp Imology are not alive to this question. 
Many are even oo operate. They hesitate to assume the re- 
sponsibility of they ases in a definite way, and squint cases are the 
most sede és in ophthalmology. This should not be so. If 

ot wish to take the time, the trouble, the care, and 


an oculist, 
the MENS Mity of these eases, he should send them to an ophthal- 
S 


mologis Yo will. He should be ashamed to neglect these cases under 


his NN eye. I regret to say that I see it almost daily, and it must 
NOyidy general. Many eases are fitted, refitted, and fitted again, 
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with glasses that still leave a squint of 30, 40, or 50 degrees, which 
is unchanged or increased from year to year. 

As recently as 1921 a professor of ophthalmology wrote to the 
dean of the graduate studies in one of our largest universities as 
follows: 

**Tt is thought by many of the leading authorities on ophthalmology 
that treatment should be carried on for this for many years, at least, 
before operation is advised." 

These poor, afflicted mortals are thus carried on from year to year 
until all hope of securing a useful organ is forever lost. The shame 
is with us ophthalmologists and it should be remedied. 

The nonoperative treatment of strabismus can best be presented 
under the following headings: 

(1) Constitutional; 

(2) Optical correction; 

(3) Visual training ; 

(4) Training of binocular vision, or the fusion faculty. 


Constitutional Treatment.—It must be at once manifest that any 
contributing constitutional disorder should receive proper attention. 
I feel certain that this phase of our squint treatment has not yet re- 
ceived the attention that its importance deserves. 

When we review the many factors which hav y mentioned 
as cause of squint, we must admit that comitant unt is not alone 
a manifestation of an ocular condition, but igarequently the sequel 
of some frank breakdown of the general Nem. I think we are 
prone to pay too little attention to the p i gives as the cause 


of squint in his child whooping cou sles, general nervousness, 
eic. 

It must be admitted that DN physical condition of the 
squinting child is usually far b ; par, and I ean scarcely recall a 


ease of squint in whom the Geral nervous system was even up to 
a low normal. 
Mr. Inman?’ says NO Tiought that the child might have devel- 
[1 


oped a squint to re ‘emotional stress." He says: 


‘The profess ecepted without demur the deliberate suppression 
of the vision; wiy not accept the theory of the deliberate though 
uneonseiod Co duction of a squint ?"' 


thought there was some similarity to hysterical lesions 


with some nervous stigma, such as stammering. 


in sqin 
a NN 

It. Harrison Butler? had found squint more frequent in subjects 
oh some kind of an emotional ‘‘kink.’’ 
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Javal? has noticed the nervous element in squint cases, and has 
even gone so far as to say that it is not of any great importance to 
measure the degree of squint, as the degree of squint varied so much 
under different nervous influences which happened to be present. 

When we consider squint from this broader view, it becomes evi- 
dent that we are treating a patient and not an eye only. It is then 
our duty first of all to call in consultation the proper medical expert, 
and to place our patient in the best possible physical condition. Toxic 
eonditions must be removed, whether they be in the teeth, tonsils, or 
intestines. The alimentary tract and the nervous system must be 
cared for, and where anemia, chorea, or rickets is found, appropriate 
remedies must be applied. In fact, a patient with a squint is an 
abnormal patient, and he should receive a thorough physical and 
neurologic examination. When this is systematically done, we will 
find that a very high percentage are both physically and neurologic- 
ally below normal. This is our first duty to our squint cases. 

Optical Correction.—Buffon in 1743 suggested the use of glasses in 
squint. Böhm: in 1845 used glasses in certain cases of squint and 
noticed that some saw better at a distance with convex glasses. The 
use of glasses as a definite relief for squint was introduced by Donders 
in 1864. In his ‘‘Anomalies of Refraction and Accommodation,” he 
definitely established the beneficial effect of convex glasses Re cure 
of squint. 

The optical correction of squint is our second step in QB S 
of any ease. After the constitutional examination h: 
should next direct our attention to the error of 
chapter on examination of the patient the meth 


refraction has been discussed, so we s 
remarks. 


The child's refraction should be most Seoftlly determined by means 
of a retinoscopy (skiascopy) done afte has been under atropin for 
at least seven to ten days. If, on a eo of the impr oper use of atro- 
pin, or miseonduet on the part Ef hild, the surgeon cannot secure 
a satisfactory uS 1 repeat the examination on an- 
other day, and persist DS e» secure a satisfaetory one. "This in 


© made, we 
action. In the 
determining the 
'e add only a few 


very young children i: ily means of securing the refraction, and 
its importance eer too strongly impressed upon the reader. 
The entire future 1e ease may depend upon securing an accurate 
refraction. The rd glass at this delicate age may be the one thing 
that turns th the wrong way. 

After NN inoseopy has been properly done, glasses should be 
ordered wh will correct within 0.50 D. of the full hyperopia and 


all the Wistigmatism. This is the rule as given by C. Worth, and I 
NP id it very satisfaetory. I have found some modifieations of 
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this rule to work well im some cases. Where the lenses obseure the 
vision markedly, it is at times advisable to order the first lenses 
somewhat weaker and change them for stronger ones after one or two 
months’ use. A good plan, where the accommodation refuses to relax, 
is to keep up the use of the atropin and use the full correcting glasses 
at the same time. 

Inasmuch as some of these squint cases, while using their glasses, 
are able to keep their eyes straight when looking at a distance, and 
squint only when looking at near objects, I have been in the habit of 
ordering about 2 D. Segment to relieve the excess accommodation, 
and find that they are thus enabled to use their eyes for near vision 
without squinting. Dr. E. Maddox? mentions the fact that converg- 
ence tends to lessen on looking upward, and has used frosted glasses in 
the lower part to obscure vision. He also recommends bifocals. Dr. 
Maddox ealls attention to the fact that proximity calls forth a stim- 
ulus to the convergence reflex, and suggests that these young squint- 
ers should be prevented from looking at objects too close. This was 
recommended by Sichel in 1855. 

It has not been my experience that glasses stronger than the error 
of refraction are well borne, nor that they are of any particular bene- 
fit; however, they are recommended by some. 

Visual Training.— Visual training has as its ob ga the improve- 
ment of the acuity of vision in the deviating eye. * XC accomplished 
by means of some appliance to inhibit the use of Qyood eye and thus 
force the use of the squinting eye, or by the yA% atropin in the good 
eye to so blur its image that the use of th@@&Niating eye will be pre- 
ferred. "There have been devised m: NO ins contrivances to 
force the use of the squinting eye, < s bring up the aeuity of the 
vision, or prevent the loss of vis] CS squinting eye. As early as 
the seventh century Paulus 4 i etn devised a mask with central 
perforations which was to be rn as a goggle. Ambroise Paré, in 
1509 (see Fig. 1 in cha (95 on History of Strabismus), had con- 
structed of horn a pair goggles with a central perforation to be 


used by squinters. NN 
E. Darwin,” in *, recommended a gnomon to force the use of 
the squinting fye he following, taken from the Philosophieal Trans- 


actions of 1773 of interest: 


ISA nin of thin brass was made to stand over his nose, with a 
half eir ff the same metal to go round his temples. These were 
co NWith black silk, and by means of a buckle behind his head, 

NN srosspiece over the crown of his head, this gnomon was man- 
NN so as to be worn without any inconvenience, and projected be- 
fore his nose about two inches and a half. By the use of this gnomon 
1e soon found it less inconvenient to view all oblique objects with the 


A 


eye next to them, instead of with the eye opposite to them." 
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Darwin also recommended that a piece of gauze be worn over the 
good eye to obscure the vision in order to force the use of the squint- 
ing eye. 

The profession is indebted to Javal' for the demonstration of the 
value of occluding the good eye in developing the vision of the squint- 
ing one. As early as 1856 Javal reports a case in which the acuity 
of vision was improved and the patient finally eured of her squint, 
the chief means of cure being the occluding of the sound eye, and 
preventing the use of the eyes for near. 

Javal™ has the following interesting remarks to make with refer- 
ence to the oeclusion of the good eye: 


"In permanent convergent squint, if the squinting eye has lost the 
faculty of direct fixation, one can attempt to awaken it by bandaging 
the good eye for several weeks.’’ 


On page 90 he says: 


‘The principal point, on which I do not know how to insist enough, 
is the necessity of absolutely permanent use of the louchette. At the 
beginning of my researches, seeing patients every day, I noticed on 
Monday a state less favorable than on the Saturday preceding, and 
on investigation, I learned that on Sunday, the maternal vanity get- 
ting the upper hand, the two eyes were left uncovered for É&everal 
hours, to attend mass, or make a visit." 


E. Landolt also advocated bandaging the good eye in r to force 
the use of the squinting one. To C. Worth? much (NV is due for 
his valuable work along this line. 


The use of some form of occlusion of the str. eye is indicated 


in all cases of permanent squint except t rnating type. The 
indications to be met are: 

(1) To reestablish central fixation. K 

(2) To improve the acuity of aO 

(3) To change the squinting yI the fixing eye. 

(4) Restoration of binocular WislNn. : 

The most rapid and AN D of reestablishing central fixation, 
where this is lost, is by (Nute occlusion of the good eye to thus 
force the use of the wfealg* one. This is best done by placing over 
the good eye a very sntye pad with bandage. This should be kept 
up constantly frome to six weeks, and the acuity of vision as well 
as the ability t cate observed from time to time. It has been my 
Aare Nas this rule is followed, within four to six weeks 
a very NS ixation is developed and also a very definite improve- 

he v 


ment 1 


isual acuity has taken place. This is diagnostic. If 
no il vement of vision in the amblyopie eye is noticeable, and the 
OWNOf central fixation has not been secured, it is of little benefit 


o 
AN 


WN 
NN 


148 STRABISMUS 


to continue longer, and in these cases one can expect only a cosmetic 
result. 

As soon as the visual acuity has been brought up to nearly normal 
or even up to 6/12, the use of atropin in selected cases can now be 
substituted for the occluding bandage. I feel that we are justified in 
the use of the occluding bandages for two reasons: First, it will de- 
velop central fixation and better vision in a large percentage of the 
cases. Second, it is diagnostic, in that it points out these cases where 
ambylopia is congenital or pathologic, and not due to functional 
depression; i.e., amblyopia ex anopsia. 

Use of Atropin.—We are again indebted to Javal'? for this valuable 
remedy in the treatment of squint. He says: 


*(One has seen that atropin, instilled for a sufficiently long time 
and in strong doses in the better eve, often makes the variable part 
of squint disappear (obs. 18, p. 19), and when associated with the use 
of eonvex glasses, a eure of these eases where there is no fixed devia- 
tion." i 


On page 75 he says: 

“In periodic hypermetropie convergent squint, it happens that the 
better eye, having trouble because of atropinization, forsakes fixing 
and accommodating; then the other eye rights itsednd the squint 
disappears as if by enchantment."' 

Atropin is indieated in all eases of squint to Qn; the accommo- 
dation to determine the error of refractio In the treatment of 
squint it is indicated: 

(1) In both eyes to break the spe Q accommodation and to re- 
lieve the excessive convergence. 

(2) To paralyze the T ERE in the fixing eye and force the 
use of the previously squinting Oy? 


It is sometimes necessary use atropin for more than ten days to 
seeure a complete MSS, of the accommodation and undo the bad 
habit of excessive ‘@énce formed by the squinters. In many 
cases of recent sqpaNNt is well to use atropin in both eyes after the 
glasses are orgfft This sometimes aids materially in breaking the 
squint habit, C it teaches the ehild to depend upon his glasses. 
Worth has rned against the too prolonged use of atropin and con- 
siders 1 NC of the best ways of produeing a permanent squint, as it 
ls ios that it tends to eause a more eomplete suppression of 
; NON) ge of the already squinting eye. 

N order to cause the child to use the crossed eye, a drop of one- 
ialf per cent solution is used in the better or straight eye night and 


NOS norning. 


oe 


Se 


— 
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If atropin eauses the vision in the straight eye to be less aeute than 
that in the deviating eye, the latter will at once straighten and will 
be the eye used. This use of the deviating eye will usually bring 
about the desired acuteness of vision. If we could secure 6/6 or nor- 
mal vision in the deviating eye, there would usually be very little 
trouble in securing binocular vision, and thus we would be able to 
cure our ease without operating. In some cases in which the deviation 
occurred very early, or in which the deviation has persisted for sev- 
eral years, the use of atropin does not sufficiently interfere with the 
vision in the good eye to make that vision as poor as the vision in 
the deviating eye. In this class of cases it is necessary to pad or 
cover completely the good eye and to force the use of the deviating 
eye in order to develop the macula in that eye. Hence our first step 
in the use of atropin to force the use of the deviating eye; where that 
fails, we must bandage the good eye and exclude it entirely from use 
until the vision in the deviating eye has improved to such an extent 
that it will be used when the good eye is atropinized. Occluding the 
good eye might be practiced for a certain number of hours each day ; 
but in cases in which amblyopia is marked it may become necessary 
to occlude the good eye for weeks at a time, as indicated moe 
the vision of the deviating eye has been brought to 6/12 or ne 
full eorreetion of the error of refraetion will usually SAN eyes 
to remain straight in eases of slight degrees of NON 


In patients with slight refractive defects, the use gt Qu does 
not usually blur the vision sufficiently to cause O WA of the squint- 
ing eye, hence the occlusion treatment will be n ary. Atropin in 
the good eye is only effective in those cases in d" it causes the use 
of the squinting eye. 


In cases where the previously fixing e§ S Comes the squinting eye 
it will become necessary to stop the «Sy er atropin after a Dues 
and may even become necessary 
squinting eye in order to cause 


of cases can always be cured, : 

be cured without operating 
Training of the Bi Q Vision or Fusion.—No set of eyes can 

be put straight and k Straight without binoeular vision or fusion. 


This faculty, ingaan man, is the one essential in curing squint; 
henee the imp 


Q R in the previously 


her one to be used. This class 
igh percentage of these cases can 


Ce of determining its presence, its degree, and 


adopting me to increase its amplitude in each ease. Worth has 


erades of binoeular vision, as follows: 


given NN 

First vultaneous macular perception; that is, the ability to rec- 
ognizmWbjects perceived by each macula. In these cases there is no 
a uar desire for binocular vision. In other words, the fusion 


NY 
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power is of the lowest grade, and any contributing cause may upset 
the binocular vision and cause squint. 

Second grade comprises those who have fusion with some amplitude. 
In these cases there is a definite desire for binocular vision, and when 
similar objects are placed in the stereoscope or the amblyoscope these 
objects are readily fused into one image when approximated, and this 
one image is maintained even when the stereoscope or amblyoscope 
is separated several degrees. This shows that there is a definite effort 
on the part of the patient to fuse these images. In these cases the 
phoria is overcome in the interest of binocular vision. 

The third grade Worth calls the ‘‘sense of perspective." Each eye 
sees an object at a different viewpoint from the other eye. In other 
words, an object seen by the right eye is seen farther around to the 
right than the same object is seen by the left eye, and vice versa, but 
these images are so blended that we are cognizant of but one mental 
impression. This sense of perspective enables us to determine depth 
and fullness of objects and cannot be obtained with the use of one 
eye only. If we now add perfect acuity of vision, we shall have such 
a strong and perfect binocular vision that no amount of refractive 
defect or overacting muscles ean cause squint. In faet, as Worth has 
aptly said, ‘‘Nothing but a paralysis of the ocular muscles could 
cause squint, and this would produce an intolerable Few 

Test for Binocular Vision—One of the best WSN, Mr binocular 
vision is the Snellen's eolored-glass test, or better yown as the ''four 
dots test," as described by Worth. 

This eonsists of two green lights, on light, and one white 
light placed in a frame which is placec KS window, or in front of 
some bright light (Fig. 53). Asa O d glass will allow only red 
rays of light to pass through it,ean green glass will permit only 
ereen rays, the light which is p x 
seen through the green glass, Me 


l through the red glass cannot be 
rice versa. In making the test with 

he patient is seated about twenty feet 
the red glass before the right eye and 


these different colored glass 


away and a trial frame 


We now ask him what lights he sees. 
If he says he cou dots, he is using the right eye only. If he sees 
three dots, t een and one white, he is using the left eye only. 
If he sees* fo a dots, two green, one white, and one red, he has at 
least era (gone of binocular vision. If he sees five’ dots, two green, 


a green glass 2 e left is adjusted to his face and he is di- 
rected to look at Iehts. 


one, té nd two white, he has diplopia. This is also a very good 
te R malingering. 

SS of the most convenient and at the same time one of the most 
act methods of testing binocular vision is the use of Worth's ambly- 
oseope (Fig. 54). 


Fig. a dots fusion test. (From Worth, Squint.) 
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This instrument is to be adjusted for orthophoria, and various sets 
of diagrams as recommended by Worth are placed in the instrument, 
and the child is asked what he sees. For instance, if a star is placed 
in one end of the amblyoseope and a half moon in the other, we can 
easily determine by his answers whether he is using both eyes. (See 
Figs. 63 and 64.) If he ean see both the star and the moon, he has first 
grade binocular vision. If pictures, as Figs. 65 and 66, be placed in the 
amblyoscope, one can readily determine whether he has second grade 
of fusion, according to whether or not he sees the complete picture. 


Fig. 54.—Worth’s amblyoscope. 


S 


Fig. 55.—Hering’s drop test. Q; Worth, Squint.) 


If Fig. 67 is now placed in the yseope, and the patient is able 
to recognize the sensation NN as though he were looking into 
a large cylinder or eo as the third grade of binocular vision, 


or the sense of perspot ig 
Hering's drop test fo#he sense of perspective is one of the oldest 


and one of the bégfeOy ig. 55). Its use, however, is time-consuming, 
and as we e: MS s the information which it gives with more simple 
means, its q SUM largely abandoned. 

Bar-re NIIT introduced the bar-reading test, which 


consistsqof Placing one or more metal bars about one centimeter in 
-way between the patient’s eyes and the page, and requir- 


Jg 
S 
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ing him to read. If the patient can read without hesitating or moving 
the head, he is using both eyes. (Fig. 56.) 

A very simple test for determining binocular vision is the use of a 
lead peneil. A peneil or penholder is held between the patient's eyes 
and a reading test, and the patient is instructed to read. If he can 


Fig. 56.—Javal’s bar reading test. (From E. Javal, Manuel du Strabisme.) 


Fig. Po control bar reading device. (From Wells, The Stereoscope in 
CN Ophthalmology.) 

do so SU any movement of the head, binocular vision is present. 

(Fi NN 

NS EN. of the presence or absence of binocular vision is nec- 

ary in each ease. It gives us a fairly definite idea as to the line of 


es 
Sen that will be necessary to follow and also enables us to prog- 
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nosticate with more accuracy what the final result will be. If a recent 
case of squint has fairly good visual acuity with at least grade two 
of binocular vision, persistent training with the amblyoscope, and 
constant use of the proper glasses usually give satisfactory results. 
If no grade of binocular vision is elicited, and a marked degree of 
squint is present, it becomes a very different matter and will probably 
call for early operative interference, and the end-result may not be 
more than cosmetic. 

Method of Training Binocular Vision.—Failing to obtain binocular 
vision by means of the use of atropin, glasses, and padding the eye, 
we now resort to the use of some form of the stereoscope for orthoptic 
treatment. 


Fig. 58.—' The Wheatstone stereoscope. (The e 7ncyclopedia of 


Ophthalmology.) 


The Stereoscope.—Since some form "CN Ree is our chief 
agent in the training of binoeular visj i will be of interest to fol- 
low its development. Ó 

Wheatstone, in 1838, before Y Philosophieal Assoeiation, 


y of Vision, in which he described 
2? 


presented a paper on the Ne? 
the first stereoscope, N 
(stereon, solid, and scop 


to it the name of ‘‘stereoscope 
I 
o see). The chief function of the stereo- 


scope is the blendii the two images of an object taken from 


slightly different e. and thus giving to the objects the appearance 


des * r a 2 
of solidity, or aX@aée of relief. Wheatstone’s stereoscope was large 


“© 


scopic vi Fig. 58.) 

In 1 NS David Brewster invented a lentieular stereoscope (see 
Fig. Q9) which was a very practical instrument, and from which many 
WN tions were afterwards made, 


and MEN ras of great value in introducing the idea of stereo- 
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In 1852 Wheatstone' presented a second paper on physiology of 
vision, in which he had the following to say: 


'* At the date of the publications of my experiments on binocular 
vision, the brilliant photographie discoveries of Talbot, Niepee, and 
Daguerre had not been announced to the world. To illustrate the 
phenomena of the stereoscope I could, therefore, at that time, only 
employ drawings made by the hands of an artist. Mere outline fig- 


Fig. 


59.—Brewster's lenticular stereoscope. (The Americam Encyclopedia of 
Ophthalmology.) 


Fig. 60.—Holmes’ stereo AN (ith clips for extra prisms. (From Wells, The Stereo- 
Q scope in Ophthalmology.) 


ures, or even KG) perspective drawings of simple objects, do not 
present muelGeyfficulty ; but it is evidently impossible for the most 
accurate <é iccomplished artist to delineate by the sole aid of his 
eye the Subjects necessary to form the stereoscopic relief of ob- 
jectag Ov exist in nature, with their delicate differences of outline, 
lio NY shade. What the hand of the artist was unable to accom- 
AS he chemical action of light, directed by the camera, has en- 

ed us to effect. It was at the beginning of 1839, about six months 
r the appearance of my memoir in the Philosophical Transactions, 
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that the photographie art became known, and soon after, at my 
request, Mr. Talbot, the inventor, and Mr. Collen (one of the first 
cultivators of the art) obligingly prepared for me stereoscopie Talbo- 
types of full-sized statues, buildings, and even portraits of living 
persons. ’’ 

In 1856 Wheatstone published a book in which he outlined the 
principle of the stereoscope, and gave complete data as to stereoscopic 
photography. 

Holmes’ Modification of Brewster’s Stereoscope.—Dr. Oliver Wen- 
dell Holmes modified the Brewster stereoscope, and introduced it to 
" for the 
double picture designed for the stereoseope (Fig. 60). Dr. Holmes 


the American publie. He coined the word, ‘‘stereograph, 


did not use the stereoscope for the treatment of squint, but expeeted 
it to be used for pleasure and educational purposes. Concerning it, 
he wrote as follows in the Atlantic Monthly :!'* 

‘We write principally to wake up an interest in the new and inex- 
haustible source of pleasure, and only regret that the many pages we 
have filled can do no more than hint the indefinite resources which 

| the new art has laid open to us all.” 

Holmes’ propheey with regard to its aid to science has been abun- 
dantly fulfilled, as some modification of the stereoscope is now used 
in many branches of science. 

LeConte, in 1881, published a book on Sight, in which x plained 


Q^ 


»res in a stereo- 
and the observer, 
1e axes, combines 


the theory of binocular vision. He quotes Brucke as 


** *In regarding a solid object or two stereoscopic 
scope, the eyes are in incessant unconscious mati¢ D 
by alternately greater and less convergence XN 
successively the different parts of the t Ntures as seen by the 
i two eyes, and thus by running the poi fight back and forth 
reaches by trial a distinet perceptiogy 0 )noeular perspective or 
binocular relief, or depth of o veen foreground and back- 
eround.' "' 


It was LeConte's opinion tha Q mina perceives relief instantly, 

but not immediately, for Me so by double images."  Parinaud 

| (Annals d’Oculistique) Ner agree with Brewster and Brucke, 
who maintained that Nes fusion and binocular vision were 


identieal. Of this IQ : 


““Stereoscopig oy" is obtained not by the fusion of the figures 
themselves, bu NN the fusion of the virtual images of the figures."' 


The firgt te use of the stereoscope in the treatment of squint 
] 
which NS e been able to find was made by Javal about 1863. In 


his Man du Strabisme, page 1, he says: 


? 


T1863, after Giraud-Teulon had tried without success to eure the 
t'with prisms, I had the idea of using the stereoscope. It was 
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then I met with repulsion of images * * * and it was then also 
I took account of neutralization, thanks to which squinters do not see 
double, and I notieed the usefulness of the stereoseope to awaken 
diplopia."' 

Javal was certainly first to introduce the stereoscope as a very def- 
inite aid in the cure of squint. He devised two stereoscopes for the 
treatment of strabismus. His first was the better. It had five move- 
ments, and was a very effieient instrument for low degrees of defect. 
His hinged stereoscope was adopted for stereoscopie training of higher 
degrees of squint. This instrument was also used for measuring the 
angle of squint. 

Javal recommended the use of the stereoscope to train the fusion, 
and says (p. 31, Le.) : 


** We are being led to attribute a large part to the education of the 
faculty of fusion of the images received by the two eyes." 

He was one of the first to arrange a set of cards of different grades 
for the purpose of training the fusion. Many of these are still in use. 
He recommended the use of the stereoscope especially after opera- 
tion.* (See Javal.?>) 

His method was to eorreet the error of refraetion with glasses, use 
atropin in the good eye, exelude entirely for a time the 
selected cases to develop the vision in the deviati 


od eye in 


, use the 


stereoscope to bring about fusion, where this is sSible without 
operating, and in those cases in whom the MSN vas too great, he 
recommended operation, early operation, NN eyes sufficiently 
traight to use the stereoscope. With i e. operating, he says 


(16. p^ oS E IQ 

“It is a mistake to believe that @peMefon gives better results at a 
more advanced age. The sooner its NS. the greater are the chanees 
that it will suffice. "' 


The present-day treatment irs but little in advance of his meth- 
ods of thirty years ago. [Sei Dix Oe ines Je: 


‘When the squint NM hicr one has to do is moderate, that is to 
say, when it is p si) obtain fusion in the stereoscope, it is then 
that I begin nent, believing that the attraction of the 
double images. tht perfected will be a great aid in the perfect 
cure, immed ; after the operation. But, for a few where the 
deviation i Mas to make operation intervention inevitable, I prefer 
not to NS Ar the operation launches diplopia and permits the exer- 


cise NS reoscopics by means of the ordinary stereo oscope, rather 
le 


mo than the stereoscope of five movements."' 


NY used a very simple stereoscope (Fig. 61) which he devised 


Je usually did a tenotomy, 


ie 
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about 1870 and described in his masterpiece, The Refraction and Ac- 
commodation of the Eye, 1886.5 

Landolt!” was still using this stereoscope with success up to a few 
years ago. Of it he says: 


** We employ for the reestablishment of binocular vision a very sim- 
ple apparatus. It consists of an ordinary stereoscope box, from which 
we have removed the prisms, in order to substitute for them whatever 
glasses from the trial case may be desirable, whether spheric, cylin- 
drie, prismatic, or a combination of them. 

‘It is well to make the partition of the stereoscope rather long in 
order to prevent one eye from trespassing on the visual field of the 
other. The visual objects placed at the opposite end of the box from 


QE ar e pM 


Fig. 61.—Landolt’s stereoscope. The (D) part of the figure represents the 
stereoscope box furnished with glasses wh adapt each of the two eyes to the 
distance of the visual objects. à 

These latter are fixed to two boaac hich slide one upon the other in such a 
way that one can alter at will the Mance between the two figures. This distance 
is indicated in millimeters by the gai Oh of one of the boards. 

The figures to be fused ar Gr ted here by two simple red lines, the one 
corresponding to the point z SN other to the sixth centimeter of the division. 
J 


(American Encyclopedia "QN tlmology.) 


the eyes to be exerkise§ may be brought nearer to or separated from 
each other at wi ley may even be raised one above the other, or 
inclined relatitq&*Xo each other. 

**'The prin NS: any stereoscope useful for the treatment of stra- 
bismus ig “fhe instrument employed places the eyes in the condi- 
tions NN re most favorable to the fusion of their retinal images. 

NS ‘the eyes being generally weaker, or in any case less exer- 
ciseq, tan the other, it is a question, first of all, of making its visual 
ip S»wbssions as vivid as possible. For that purpose we correct its 
atism and adapt it with perfeet preeision to the distanee of the 
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object which it is to see; in order to procure for it an absolutely clear 
retinal image. After doing so, we must seek the relative position of 
the two figures in which their fusion is possible * d 

‘But the greater part of the time the patients do not fuse, what- 
ever may be the interval between the two objeets. "They see alter- 
nately the one or the other, when the vision of the one eye is about as 
good as that of the other, or only the object corresponding to the 
better eye when the vision of the two eyes is different. 

“In this ease it becomes a question of attracting the attention of 
the weaker eye to the object which corresponds to it, to cause it to 
fix energetically, excluding its congener. By successively covering 
and uncovering the better eye for longer or shorter intervals, indeed, 
even by furnishing it with a too strong convex glass which lessens the 
clearness of its vision, one may succeed in causing the patient to see 
the two objects simultaneously, and at length to fuse them into a sin- 
gle one. Much patience is required, in order to achieve this result, 
on the part of the surgeon as well as of the patient. It is for this 
reason that this training, so logical and useful, is far from having 
found in ophthalmic practice the place which it deserves.’’ 


Landolt and also Priestly Smith devised a set of fusion tubes the 
object of which was to train the fusion and overcome the tendency 
to suppression of the image of the deviating eye. By means of these 
tubes, the image of the weaker eye could be made brighter, and vice 
versa. 

Bishop Harman, of England, has introduced an ingent which 
he calls the Diaphragm Test, which is a reversal 
reading test. 


Javal bar- 


Probably one of the best instruments for O training, and the 
one most used in this country, is the wat VENEREM Claude 


Worth, of London, 1895, perfected a ster pe which he called the 
amblyoseope—'' An instrument by Om lich a nonseeing eye is 
trained to take its share in vision.’ The following deserip- 
tion of the instrument is taken "eye . Worth's book on squint, page 
122/28 


“The instrument consistsetXvo halves joined together by a hinge. 
Fach half consists of a vø ort brass tube joined to a longer tube 
at an angle of 120? NO angle of junction of the tubes is an oval 
mirror, protected acy utside by an oval plate of brass. Each half 
of the instrumen t its distal end an object-slide carrier, and at 
its proximal end\& cPnvex lens having a focal length of five inches— 
the distance o% the reflected image of the object-slide. In front of 


- @ . . . . . . 
each lens is t into which a prism, axis veraa may be inserted 
if require "he diameter of the tubes is 1% inches. 
“Ahl are connects the two parts a the instrument, being 


clar NN n one side by a binding screw set in a long slot and on the 
oll a binding screw set in a short slot. When the screw in the 
long Slot is loosened, the two parts of the instrument can be brought 
ther to suit a convergence of the visual axes up to 60°, or sepa- 
"d to suit a divergence of as much as 20°. When this screw is 
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tightened and the serew in the short slot loosened, an amplitude of 
movement of about 10? only is permitted." 


Nelson Black, of Milwaukee, has added a vertical adjustment to 
Worth’s 
present. 

Worth had constructed a light carrier with two movable lights, by 
which one is able to adjust the degree of luminosity needed to bring 


out the image of the defective eye or to decrease the brightness of the 


amblyoseope, which is of great value when hyperphoria is 


image of the better eye, so as to make them appear as nearly the 
These lights are adjusted in front of 
the two ends of his amblyoscope when in use. 
lights can be used very conveniently for the 


same for the purpose of fusion. 
A couple of bracket 
same purpose. One can 


accomplish much with the use of one lamp or by using the light from 


2 


d 


‘EBB 


E 
— — 


= 


A 


grade fusion, 


North, Squint.) 


a bright window, so placing the B e to give advantage to the 
weaker eye 
Worth hes devised a very 


in his instrument. 


aN) ive o. of object slides to be used 
These oo Sned to be used according to the 
degree of fusion present. 

NS, Figs. 62-67 very serviceable. 


Ne r into three classes 


I have found those shaw 


Worth divides his 
2 


in whieh there 


Those which d¢ require any blending of images, 1.e., those 


eo simultaneous vision—his first grade of fusion, 


as 


such as Fig. 

2. Those ‘ing true fusion of images in order that a complete 
picture NN e seen. This is his second grade of fusion. These are 
d NN in Figs. 63, 64, 65, It will be observed that the 
dp are similar except for certain omissions in each slide, so that 


"HM 


AO 
wl 


and 66. 


wires both images to make a complete picture. 
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3. Those which are intended to bring out the third grade of fusion, 
or a sense of perspective, as Fig. 67. 

The following lucid deseription of Worth's method of fusion train- 
ing is so well presented that we shall quote it at some length :?' 


‘“‘Seated in a chair facing the lighting apparatus, one takes the 
child on one's knee and adapts the amblyoseope roughly to the angle 
of his squint. One puts in the instrument first a pair of object-slides, 
which require no fusion, only simultaneous pereeption-—those shown 
in Fig. 62, for example. Each light is at first about four feet away 
from its object-slide. Suppose the cage is before the fixing eye and 
the bird before the squinting eye. The child, on looking into the 


Fig. 63.—Slides for fusion exercise. (From Worth, Squint.) 


Fig. 64.—Slides for Ooo (From Worth, Squint.) 
amblyoscope will see only cage. lle is told to look for the bird, 


while the light Pero lefiating eye is brought nearer and nearer. 
At last a point is rgdeked when the illumination of the object-slide 
before the deviaja TY becomes so intense that the vision of this eye 
can no longer ippressed. The child suddenly says he sees the 
bird he was tgld tf look for. But he has now usually lost sight of the 
cage before fixing eye. The relative distances of the lights are 
then E) d until, after a few minutes of alternation of the vision 
of the yes, the child sees the bird and the cage simultaneously. 
$8) NS then allowed to grasp the amblyoscope with both hands, 
y le surgeon, putting his hands over the child's, converges and 
ivévyees the two halves of the instrument, in order to make the bird 
pear to go in and out of the cage. Other similar pairs of object- 
sl@des are then shown. The child soon learns to move the instrument 


| 
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himself, so as to put the bird in the cage, the cat in the chair, the 
elown in the hoop, ete. One must talk to the child all this time, as it 
is only by eneouraging him to chatter that one learns what he really 
sees. 

** A pair of slides requiring fusion of images is now shown—Fig. 65, 
for example. The child at first sees two men, each picture being im- 
perfect. Soon a position is found in which the child sees one man 


Fig. 65.—Slides for fusion exercise. (From Worth, Squint.) 


Fig. 66.—Slides for fusion exercise. 


ird grade fusion. (From Worth, Squint.) 

having two legs PE hat. The binding screw in the long slot is now 
tightened and n the short slot loosened, so that the amplitude of 
movement NS n the two halves of the amblyoseope is restrieted to 
about 10 ler pairs of slides requiring fusion of images are sue- 
cessively sShoWwn the child, and he is encouraged by one’s remarks to 


exami d part of the fused pieture. After a time it is found that 
the ld of convergence of the instrument may be varied slightly 


| 
| 
| 


Ag 
| V 
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without the fused picture comine to pieces. The child has now, under 
these special conditions of illumination and convergence, the second 
grade of binocular vision—true fusion with some amplitude. 

‘The next step is to increase the amplitude of fusion. The inten- 
sities of the lights and the angle of convergence of the amblyoscope 
are arranged as before. Devices requiring fusion, such as Figs 65 and 
66 are shown. An attempt is made gradually to diverge and con- 
verge the two halves of the instrument, more and more, while the 
child is examining and talking about the various pictures shown him. 
After some practice, in the case of a youne child, a considerable range 
of movement becomes possible, fusion being still maintained. This 


B2 


9 8 7 6 5 4 3 


(Javal Ñ) 


Fig. 68.—Stereographs for fusion convergence. (J 


Qy (Javal 1) 


———————— ————— 


Fig. 69. for fusion training. (From Javal.) 


ure of the e o which the fusion faculty has been developed. 

“A child w as any considerable amplitude of fusion will nearly 
always be 1d to have acquired the third grade of binocular vision 
also ese of perspeetive. "The slides, Fig. 67, are shown, and 


NO 
*amplitude of f Ovi for practical purposes, be taken as a meas- 
h 


the ¢ asked whether he is looking at the outside or the inside 
ofataeXtlb. He will at once say ‘the inside.’ If these slides are now 
h d from one tube to another, he will see the tub bottom up. 


The child having now acquired the highest grade of binocular 


Vision under these special conditions of illumination and convergence, 


he next step is gradually to equalize the light before the two eyes. 
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Fig. 71.—For fusion and convergence training. etu The Stereoscope in 


NONOPERATIVE TREATMENT 163 


This may readily be done, at this stage, without a return of the 
suppression. 

“If the child be young enough, a fairly strong ‘desire for fusion’ 
may usually be created in five or six penes eiven at intervals of one 
week. If the training can be efficiently carried out at home, the child 
should have a lesson of a few minutes’ duration every morning." 

Worth stresses the importance of beginning the fusion training 

'at the earliest possible age. I repeat this because it is of extreme 
importance—the only key to suecess." He claims to be able to begin 
training the fusion as early as three years of age. In selected cases 
this is possible, but in many intractable children this becomes a dif- 
fieult procedure, if not an impossible one. I do feel, however, that 
he is eminently correct in claiming that fusion training atone be 
begun ''at the earliest possible age," and I also agree with his claim 
that little real progress in fusion training ean be made after seven 
or eight years of age. Of this, he says (p. 121, Le.): 

“After the age of six, or at the latest, s seven years, the results are 
seldom worth the time and trouble they eost." 


Javal was much more enthusiastie about getting results in older 
subjects, but he also admitted it required much time and patience, 
even requiring treatment daily for years. In this age of acute haste, 
neither the physician, the patient, nor the parent could ever endure 


such a siege. 


One of the best methods of fusion erie ls d xS. and 
recommended by Dr. David Wells, of Boston. ui 
a selection of stereoscopic cards which were DT ew from those 
devised by Knoll, ITale, Javal, and Dohlfield. To RS Q. added some 


new ones. These cards are still in use, and a a of the best selec- 
tions published. In 1902 Wells had a ster§ oso] attachment with 
adjustable carrier added to his Quo Qe er. This instrument is 
one of the best fusion-training stereose on the market. "The fol- 
jo very useful: Wells’ ON NE, 
ful card. The dots and arrow 
sion phoria. (Figs. 68, 69, 70 


lowing are some of the charts which 
with the letters N in red, is a ver 


chart is of value in DEN o 
and 71.) 


His stereoscope has tv r Deis over most stereoscopes. First, 
it permits prismatie exe S by means of decentering strong lenses, 
and secondly, it MN) T. operator to wateh both eyes while the 
patient is taking Nikercises, thus enabling the surgeon to detect 
alternate visigr 1ppression. 

The use M entering of lenses for fusion training is espeeially 
emphasize Vells, as it permits a more gradual separation of the 
images, a tendency to a separation, and enables the patient to 
hold (3 i ages together longer. 
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Wells’ description of the decentering effect is as follows :"* 


“With o.u. plus 10., cards at 10 em. are in focus. If the separa- 
tion corresponds to that of the pupillary distance of the patient's 
eyes, no prismatic element is exhibited. If decentered 1 mm., 1A 
approximately is produced. Thus, plus 10. spheres make the calcu- | 
lation of the prism extremely simple. If the spheres are decentered 
out 5 mm., we have put before the patient 5A of prism base out, just 
as truly as though a 5A prism were inserted in the clip. If the spheres 
are decentered in 5 mm., 5A base in is obtained. As the pupillary ad- 
justment may be varied from 50 to 75 mm., it follows that 10A or more i 
may be utilized by this simple principle of decentration."' 


Wells’ instru 72) has one advantage over the Worth am- 
blyoseope dr at the eyes of the patient ean be at all times under ob- 


QU 2.— Wells Stereo-optometer. y 
(Fig 


seryatior this Wells says :”° 


INthe latter (the amblyoscope) the eyes eannot be watched, 
must depend on the patient's statements, whieh are naturally 


N nreliable, especially when treating children. 


Wells maintains that the limit of fusion should be at least 80^, and 
T NO daims to be able to train some cases to overcome as much as 1004, 
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especially where the stereoscope is used. He recommends the Holmes 
stereoscope, with clips for inserting extra prisms 5A, 10A, and 15A 
for use at home, and gives about twelve lessons or treatments in his 
office of about fifteen to twenty-five minutes, requiring that no inter- 
ruption of any kind occur during the treatment. 


Wells?* deseribes Cross’ modification as follows: 


** Cross, of Worcester, Mass., has devised a cylinder with 14 facets, on 
which he has pasted 13 eards of Series H and I. This is mounted on the 
Holmes stereoscope, arranged with a ratchet, so that the patient ean turn 
up one after the other of the cards, progressing in either direction.”’ 

Cross suggests that the patient's eye be closed while the cylinder is 
being revolved for purposes of rest. Wells has suggested that a win- 
dow be eut in the hood of the Holmes stereoseope for the purpose of 
watehing the patient's eyes, a very good suggestion. In the latest 
models of the Holmes stereoscope, clips are placed to receive prisms 
of various degrees for purposes of exercising the fusion faculty. I 
have found the use of these of much service in increasing the am- 
plitude of fusion. 

Wells warns against delaying operative procedure, and recommends 
advancement in young children in whom no decrease of the degree of 
squint is shown within a few months, and in those cases in which the 
deviation is so great as to preclude the possibility of CNN train- 
ing being a success. He says (p. 12209, l.c.) : e 


“A rudiment of fusion ean often be trained into ned faculty 


if the eyes are put approximately straight by NC) is 
ate 


The use of the stereoscope is particularly ii d after operative 


procedures. Javal” says: 


“Two days after the operation, mee of fusion ean be under- 
taken, and it is here that the EU E us) nders the greatest service." 


Landolt?* says: Q 


* [Immediately after the defi 'emoval of the dressing, exercises 
for binocular vision must, ReWoerh. The patient operated upon for 
convergent strabismus wil Near spectacles to correct the total hyper- 
metropia and astigm gas 1t it be present. The one who has been 
operated upon for divefgent strabismus will be allowed, and even 
urged, to look at obje@ at close quarters, for the purpose of exercis- 
ing his NE All patients should go through exercises in- 
tended, firstly pereeive simultaneously the visual impressions of 
both eyes, tl ^ combine the true impressions so as to give rise to 
the sens NN oF the third dimension."' 

It haen my practice for years to operate early and train the 
fusiqgWifterwards. (See chapters on Operative Treatment and Illustra- 
NYJ a les.) By means of more accurate operative procedures, the eyes 
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can be set so nearly straight that the fusion training becomes much 
easier, and the results much more satisfactory. Cases of true an- 
tipathy to fusion are so seldom found that one comes to believe there 
are no such persons. In the few cases in which I had suspected this 
condition, I was able to develop enough fusion to take them out of 
this class. This was done by much patience and effort on my part 
and cooperation of the patients. It must be granted that if there 
were no crossing of any of the nerve fibers at the chiasm, there could 
never be developed any degree of fusion. 


Effect of Stereoscopic Training.—It is difficult to tell just what this 
training accomplishes, just where the effect is produced. Wells” says: 


“The rapid development of adduction, which is so often obtained 
by this so-called ‘gymnastics,’ strongly suggests that the gain is not 
a muscle hypertrophy, but an increase in innervation, either in the 
responsiveness of the end organ in the muscle, or the convergence 
center, or both. In the educational treatment of tabes the ineoordina- 
tion is overeome by teaching the patient to gauge his motor impulses 
by the eye, in lieu of the normal sensory control. Repeated artificial 
contractions of the internal rectus (the ciliary remaining relaxed) 
establish a habit of increased action, so that it no longer lags when 
the impulse to converge and accommodate is felt. The coordinating 
center may also be taught to better appreciate the advantages of 
binocular perspective. This is no special pleading, bygnalogous to 
other sensations. The pianist makes his fingers e&q his brain, 
that the brain may do better work with the fingers.@kasks consciously 
performed are in time relegated to subeonseiou rol. If this in- 
terpretation of muscle gymnastics be acceptedXiNis evident that the 
first indication is to teach the patient the fag« ion of true binocular 
fusion. Just as in the ordinary prism egegNgses, with the eye fixed 


on a distant point, the aversion to dip an incentive to increased 
muscle action, so here the fused imag cÓmes an anchor. With the 
eyes fastened on a fused image, mage up of half pictures, one strongly 
resists an impulse which tends t | it to pieces. The decentering 


of plus 10. lenses is a subtle meatof insinuating such an influence.”’ 


We no doubt train the e $ attention. We inerease the innerva- 
tion for binocular visi Qj also increase its amplitude, just as the 
amplitude of DON can be increased by exercise with prisms. 
We break up a yf Q abit of neutralization, as Javal puts it. He 
Says :?? 


* [t is equt Copy education that it is necessary to undo the occurrence 
of a very MN. phenomenon, to which I have given the name, neu- 
tralizati t is an inhibitory aet which permits us to ignore certain 
impr KA noxious to vision and particularly unfavorable to binoc- 
ul wn 


mind away from suppression, or what some have termed supre- 


~ doubt the stereoscopic exercises do as much toward educating 
\O* 
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sopsia, as it does toward educating the fusion faculty itself. It does 
both, however. It rids the mind of the vieious habit of suppressing the 
image of the previously deviated eye, excites the mind to attention to 
the very act of fusion itself, and, as Wells aptly puts it, ‘‘teaches the 
patient the fascination of true binocular fusion,’’ besides increasing his 
power of fusion, both as to degree and amplitude. This general eduea- 
tion and innervation exereise should be methodieally and persistently 
given by the physician himself at first, to see that no lax or careless 
method is being used by the patient, and then it should be relegated to 
a specially trained assistant or nurse, whose duty it shall be to give 
these treatments with as much exaetness and intensity as a musie teacher 
would demand of his pupils. These should be given at first about ten 
minutes at a time, daily, if deemed necessary, then fifteen to twenty 
minutes at a time on alternate days; after sufficient progress has been 
made, twice a week visits with exercises at home. Worth and Jackson 
claim that this work cannot be done by a nurse. With the proper 
education and the early supervision of her work, with a check-up from 
time to time, I feel the very best work ean thus be secured. Make 
it the nurse’s real job, and she will become really interested in it, and 
will strive to secure definite results. The very busy oeulist will seldom 
eive this pedagogie treatment, and the nurse by nature and edueation 


is better fitted to do it. - 
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CHAPTER XI 
OPERATIVE TREATMENT OF STRABISMUS 


At the very outset, let us ask ourselves what is the object to be at- 
tained when one undertakes to correct strabismus by means of a mus- 
cular operation. E. Landolt’ has ably and lueidly answered this ques- 
tion for us as follows: 


'* Now, in regard to these muscles, we should, in the first place, never 
forget that all the muscles of the eye form a whole, which is in close 
relationship with a corresponding whole in the other eye. ‘Together 
they form the binocular motor system. To insure binoeular vision, this 
system causes both eyes to move in harmony as if they were one 
single organ, ‘the double eye’ of Hering. * * * The mere opera- 
tion does not cure strabismus ; it is but a step in a very complex treat- 
ment, the aim of which is to reestablish the harmonious working of 
the movements of both eyes as required for perfect binoeular vision. 
Operating for strabismus differs essentially from operating for, say, a 
cataract or a tumor. In comparison with a squint operation, we should 
call these operations static operations, whilst we should consider stra- 
botomy as a dynamic operation. In fact, it does not aig Vt correcting 
an anatomical defect, ‘putting a crooked eye straigl Q at reestab- 
lishing a function, and a most important funetion, "o N distinguishes 


man from animals, viz., stereoscopic vision. 
Viewing our task from this er cai it must be 


evident that our ‘‘musele snipper”? must $ Qua of his mark, and 
that ocular muscle surgery demands ag scientific study and tech- 
nieal skill as is demanded of any br: o% surgery. It must also be 
evident that to attain this perfec useful binocular vision, which is 


the only safeguard against recur ce in these cases which must come 


to operation, we should oper: Q A We should operate as early as 
it can be determined A O. operative cases. Furthermore, if 
we must operate early ans that we must operate on very young 


children under a ES anesthetic. This, in turn, demands that we 
must have very methods of procedure, ie., a predetermined 
mode of attack Ña Q and definite means to correct a previously 
determined, detect, as the child's eyes are usually relatively straight 
as soon as Nuria anesthetized. This means accurate preoper- 
ative YS measurement of the amount of deviation under dif- 


feri Jrees of stress at different distances, and accurate operative 
RN NN io be carried out in the operating room. 


aes before they are brought to the operating room, and adopt very 


I we make a systematie and thorough analysis of our squint 
Ny 
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definite operative methods, our squint surgery will be unsatisfaetory 
and a reproach to our profession. No one is justified in doing a 
tenotomy because it is a relatively simple procedure, and because a 
few cases of squint are apparently cured by this method. As Landolt 
remarked above, squint surgery has for its object the restoration of a 
function, not the relief of a deformity, and this requires definite sur- 
gical procedures carried out early, before vicious habits are formed, be- 
fore serious amblyopia oeeurs, and while it is still possible to develop 
binoeular vision, or fusion, the only thing that will ever enable us to 
attain and maintain straight eyes. 


Anesthesta.—The selection of the anesthetic to be used in a given case 
will depend largely upon the age of the patient. Ether anesthesia is 
the anesthetie of choice in all persons under fourteen to sixteen years 
of age. This is particularly true where a recession or advancement 
is to be done, and tenotomies should not be done on young children 
with the exception hereinafter to be mentioned. Ether should be 
given by means of an electrically driven force pump. <A suitable tube 
with mouthpiece attachment should be used so as not to interfere with 
the toilet of the operation. An advancement, reseetion, or recession 
can best be done under ether in all children, and ether anesthesia is 
to be preferred in some grown subjects of a nervous temperament. 

In grown subjects, a satisfactory anesthesia ean be xe the 
use of cocaine. After two or three instillations of a 43 cent solu- 
tion of cocaine, to which is added one drop to the gN Of 14659 solu- 
tion of adrenalin, I usually massage the area ove ? insertion of the 
muscle to be operated upon with a 10 per cent QN ion of cocaine and 


adrenalin, using a very small pledget of coig |i an applicator. This 
massaging with the stronger solution e t unnecessary to use 
any injection of either novoeaine or GÉeaine, as is sometimes recom- 
mended. It is claimed that by satung a pledget of cotton in the 


anesthetic solution and placing ifMyer the area to be operated upon 


e lids, is the most efficacious means 
of anesthetizing. Any inge neAvill more or less disturb the field 
of operation and will nas ie dissection more difficult. Before be- 
ginning the operatioge eye is thoroughly irrigated to wash away 
any excess of the eOWwaife. At times it is advisable to drop into the 
opened M Or of the 5 per cent solution of cocaine, if the 
anesthetic prey 


and holding it in place by elosi 


Sty used is not entirely satisfactory. 


When alg@@afnesthetic is to be used, I invariably give a hypodermic 
of mor NN ilph. gr. % to 14, to which is added seopolamin !459 gr. 
or Yoo WS thirty minutes before the patient is brought to the operat- 


ing m. This quiets the nerves, lessens the amount of local anes- 


equired, and secures sleep after the operation, in the majority 
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of cases. In about 15 per cent there is some nausea following its use, 
but this is very seldom of any particular annoyance. 


Condition of Patient.—As Jackson has well said, strabismus opera- 
tions are not emergency operations, and should not be done until the 
patient is in the best possible condition. Where anemia is present, 
it should be corrected. Nervous, ehoreie children should be under 
the care of a competent neurologist, and the disorder corrected as far 
as possible. We are never justified in operating in the presence of 
any frank infection. Eyes have been lost from corneal suppuration’ 
following tenotomy and advancement. Operative procedures should 
not be undertaken in the presence of acute colds, suppuration of the 
accessory nasal sinuses, lachrymal sae infections, blepharitis ulceroso, 
trachoma, or hordeolum. 


When and on Whom to Operate.—This is such an important subject 
that it will be both interesting and instructive to review the opinions 
of some of the best known ophthalmologists, as expressed in ophthal- 
mologie literature. 


Javal,” in 1896, said: 


‘(When operation must come to the aid of optical treatment, much 
tact is needed to choose the most propitious moment, lą nough for 
the subject, prepared by the preliminary exercises, a rived at an 
age when he can express his impressions, can attafp»,MI the desired 
effect, and still soon enough not to put off the mo of definite eure, 
instituted." 


and to reap the benefit of the courses of xO 


Frances Valk* says 
PAGI ntil a child is five years old, I roy parents to let his eyes 


alone.’ 
A. J. Ballantyne’ says: K 


“T would not hesitate to Mrz gte at any age, having first, of course, 
ascertained from six ue CN of nonoperative treatment that a 
eure by these methods (^ ikely to be obtained.’ 


N. Bishop Harman? Se 


QS glasses that correct any error of refraction 
tification within a month, we may conclude that 
, correct the squint. Any time allowed to elapse 
-lusion and operation, except so much as may be em- 
ipting to regain the sight of the squinting eye, may be 


23 


** [f the consta 
does not effect a 
the glasses wi 
between thi$ 
ployed in 
considers lost time. 


Wve says: 
€ 


aor jelieve it a good plan to operate as soon as the angle of squint 


ses to improve with orthoptic measures. Nothing is to be gained 
waiting, while much is to be lost. After surgical interference set- 
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ting the eyes straight exercises can be used to great advantage, often 
resulting in a complete cure. 

‘“‘ Age: rarely operate under two years of age. Orthoptie exercises 
suffice up to the age of three, then stereoscopie exercises for fusion 
training is followed by operation, if necessary. In constant unilateral 
squint that does not improve, and is aecompanied by false fixation, 
operation should be done at two years or earlier."' 


Duane,® in 1910, said: 


“Usually the longer we wait, the more unfavorable for operation 
the conditions become. Overtense muscles become rigid, overstretched 
museles become enfeebled, and the ability of the eyes to perform 
fusion, or what is still more important, to overeome diplopia, becomes 
less."' 


Wendell Reber,? says 


"Other things being equal, we might well wish that every strabismie 
that eomes for operation should be at least fourteen to sixteen years 
old. The operation then enjoys the following advantages: (a) the 
refraetive side of the problem has in all probability been pretty well 
worked out; (b) the patient's eranium will have taken on more or 
less of its adult characteristics, although some outward sling of the 
long axes of the orbits frequently goes on up to thirty years of age."' 


Dr. Posey” in discussing Dr. Zentmayer’s paper, said: 


“That he made it a rule never to advance a muscle NS 1e old 
methods in a child under ten years of age, on account of lifficulty 
and danger in introducing the needle into the sclera of (gy NOE 
eyes.’ 


Vard H. Hulen" says: 


‘‘In no ease am I able to see serious objeetg S resort to surgery 


no matter how young the child, ee dee complete non- 
surgical treatment has been previously O am convinced that 
it is a highly desirable thing to obta € before the de- 


veloping period for the eye has pas: We should not permit the 
parents of the child to post] one Qo operative procedures indef- 
initely as so often occurs.’ 


Josef Meller’? does not ; C early operative interference in 


squint cases. He says: 


“Therefore, in ou 
passed their twelfth OW 


, we operate only on children who have 
irteenth year."' 

That Dr. UU adheres to this praetiee 1s evident from the 
following take m his article on squint in the February number of 


Wien. NE I1920; xxx1X,.p.-191. 
NN the squint can no longer be influenced, still I would 


rejectgop@ration before the twelfth or fourteenth year, not only be- 
ymetimes in the course of time and growth the squint may de- 
or even disappear for some unknown reason, but also because 
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operation is not to be recommended until the child has become in- 
telligent enough to allow of its being operated upon under local an- 
esthesia. Squint operations under general anesthesia cannot be meas- 
ured. A good cosmetic result ean be obtained only with the patient's 
eooperation.?' 


Dr. J. A. Kearney,? 1919, in deseribing his praetiee in the New 
York Polyelinie Medical School, advises as follows: 


‘Operations upon the external ocular muscles for the correction of 
squint are advisable when the patient is nine years of age or over, 
and all neeessary nonoperative measures have been tried and have 
failed to correct the deformity.”’ 


Dr. Kearney advocates the operative correction of the esotropia in 
selected cases even where the squint is relieved by glasses. 


Jishop Harman'* says: 


*But if we aim at a real eure, our object is to once more put the 
eyes into such a position that the brain ean resume control over their 
movements and fuse the diverse images it receives from them. That 
is, we aim at the restoration of binocular vision. Looked at from this 
point of view, operation is not only reasonable, but necessary, and 
even urgent. For we do by operation permanently what the stereo- 
scope can do temporarily. By the set of the stereose we can in 
effect temporarily correct the angle of the squint. xe eration we 
undo the evil set of the muscles and so permanently, et the squint. 
In each case we ean obtain conditions under whig e image may be 
seen by each eye and carried to the fusion q A fixed squint 
is like an obstacle to the brain. It is C) it cannot overcome 
because of permanent changes set up in t iscles of the squinting 
eye.’”’ 


It is my practice to operate as C 1t ean be determined that 
orthoptie treatment, together wit et and atropin, is not going to 
correct the defect. This can "is be determined in six months 
in the average case, and mud@jooner in most cases. If, after the use 


of glasses, atropin when n ated, use of pads to bring up lost visual 


acuity, and orthoptig y “es as indicated in the chapter on non- 
operative treatment enn the degree of squint is not lessened, it 
is our duty to eyes as nearly straight as possible, and begin 
again with our Cie. training. This must be done early to secure 
the aid of $ Goy. as fusion training is of little avail later. The more I 
treat eros yes, and the greater amount of experience I have, the 
more, ine d I am to accept the teachings of the late Dr. Valk, who 


AN e opinion that practically all these cases are operative cases. 
He 


est? 
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be relieved of the necessity of the constant use of glasses if they were 
relieved of the muscular unbalance by judicious operation.’’ 

There is no doubt but the use of the stereoscope to perfect binocular 
vision is more suecessful after operating in those cases with a decided 
defect. In fact, more ean be done toward a permanent cure in a few 
minutes in the operating room than ean be aecomplished in weeks and 
even months of training with the stereoscope. If these eyes are set 
approximately parallel (and this can be done by means of proper 
study and measurement beforehand, and accurate operative pro- 
cedure), the innate desire for fusion and the natural objection to 
diplopia will cause even the youngest child to acquire naturally binoe- 
ular vision. This is the very reason we advocate early operative inter- 
ference. If these children are permitted to become more or less ambly- 
opic in one eye, the image from that eye is not so perfect as that from the 
good eye, and the tendency for fusion of the two images is not nearly 
so great. The earlier we operate, the less amblyopia from nonuse. The 
longer the eye remains crossed, the more complete is the suppression 
of the image of the deviating eye, and the more difficult it becomes 
to reawaken the diplopia, and, finally, to create a demand for fusion 
of the two images. Once the desire for fusion is well AU if the 
eyes are set relatively straight, that desire will finish our w In- 
stead of having exercise of the fusion ten to twenty-five AN es Tn a 

S se that 
ng short of 


time for two or three times a week, they M NN 


faeulty every minute during the waking hours, and 
a paralysis of an ocular muscle will break down tlNs Wusion. 


I do not wish to disparage the beautiful re: Ore btained by means 


of glasses, atropin, and orthoptie treatmen ish to impress upon 


the reader the importance of securing an ery EU in these squint 
eases. To wait until twelve to PUN Q o operate (Meller, Reber, 
et al.) means but one thing, a lost e x far as its original function 


is eoneerned. No patient can Ch. approximately cured who is 


allowed to go with a monolatey )ssed eye from three to four years 


of age up to twelve or thj years of age. Amblyopia will be 


present, suppression com nuscular changes will have taken place, 
ie, an hypertrophy f(t) internus and more or less relaxation or 
atrophy of the exteknuj$, and the desire for binocular vision entirely 


" method all admit 


es of this ‘‘watchful waiting 
ial eure is impossible at this age and that they 


lost. The advog 

that a real fi 

operate io tie purposes only. 
I fee SE 

any e 


is our duty to teaeh the profession and the publie that 


NS or above the age of five years who is cross-eyed is a 


esed child, and should be relieved of its deformity. Further- 


Si 


they should be taught that if glasses, atropin, and orthoptie 


e 
a 
NS 


IN 
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exercises do not relieve a case of squint in a few months, it is folly 
to expect glasses to ever relieve it. I have had many, many cases 
brought to me with the history of wearing glasses for years, having them 
changed every few months, and when told that elasses will never 
correct the deformity, they are much surprised, as they had been as- 
sured that eventually the eyes would become straight from the use of 
glasses only. It has been my experience that where atropin and glasses 
do not markedly reduce the degree of squint within the first month, 
they do not do so subsequently, even though they be used for years. 
This glass delusion should be banished from both the publie and the 
profession. 

Then let it be understood that we should operate as early as it can 
be determined that the patient cannot be cured otherwise, and that 
we should operate on all squint cases whose squint is not reduced within 
six months after proper treatment has been instituted. 


Operations for Strabismus.—In Chapter I the History of Squint 
Surgery has been reviewed at some length. We shall now present 
some of the most popular operative procedures, all of which have been 
tried and found of sufficient merit to justify their presentation. "Their 
particular indications, with their limitations, as observed in my prac- 
tice, have been set forth. 

I shall endeavor to present their advantages, indio and con- 
traindications without prejudice or bias, believing Wf the same end- 
result can be obtained by more than one metl and realizing that 


9) ed. I shall deseribe 
Nw, the most satisfactory in 


rules of procedure which 


the perfect squint operation has not yet been 
more in detail those procedures which have 
my hands, and shall reommend certain 

I believe will be of benefit in ng AO 


inging squint surgery to a 
more exact and scientific basis. 


E. Jackson" has classified stg O. operations as follows 


(A) “Operations done t minish the influence of a particular 
muscle or muscles upon t ition and movements of the eyeball, 
tenotomy, and operatig eem the effeet of tenotomy. 

(B) ‘‘Operationg NS increase the influence of a particular muscle 
or muscles upon a sition and movements of the eyeball, as opera- 
tions for advancermesft, tendon: tucking. 

(C) “Ope Gyn to modify the influence of a particular muscle or 
muscles so NC change the direction in which it will tend to turn the 
the relative proportions of the influences exerted in pro- 
erent movements, as by lateral displacement of the insertions, 
OuNPansplantations. 


RO E operations to influenee the position of the eye- 
Combinations of two or more of these operations may be done as 


SS: nagle operation.’’ 
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For the convenience of the student, I shall discuss the operative pro- 
cedures under the following headings: 


(1) Tenotomy, eomplete and partial. 

(2) Advancement, capsular and muscular. 
(3) Resection (tenectomy). 

(4) Tucking. 

(5) Recession. 

Tenotomy.—Complete tenotomy consists of cutting the tendon of an 
ocular muscle at its insertion into the globe. Myotomy consists in 
cutting the muscle farther back through its muscular fibers. A partial 
tenotomy consists of a partial detachment of the muscle from the 
globe by means of cutting the muscle tendon at one or more places. 

The history of tenotomy has been given in Chapter I. There have 
been devised a number of methods of performing tenotomy. There 
are two types of tenotomy as practiced at the present day. They 
may be divided into the open method and the subconjunctival method. 
The open methods as practiced today are Arlt's and von Graefe's, or 
some modifieation of one or the other 


Arlt's operation is given by Knapp" as follows: 


“The conjunctiva is grasped in front of the insertion of tendon 
with fixing forceps (one branch up, the other down) Qu lon a 
fold, which is incised with squint scissors, so as to ma AS aperture 
of from six to seven millimeters. The branches of JJ forceps are 
now elosed and moved two or three millimeters rard over the 
tendon, then opened seven to eight millimete rertically to the 
sclerotic, to grasp and raise the tendon near itsNertion. The tendon 
is detaehed with strabismus scissors from d to the other as near 
to the selerotie as possible. “A small sq ok, introduced under 
the detached tendon, should pass ug¢yeSs#fined over the insertion. 
Arlt gives some very useful details in King this examination, which, 
being common to all methods of 7 ha [ shall here transeribe. 
l be used as a probe, introduced 
immediately behind the line of, ‘tion of the tendon, its point held 
down upon the sclerotic, pas ip just beyond the border of the 
tendon, and moved towa% Qi. cornea. If it is stopped, some fibers 
have been left, which be cut. The same is done downward. 
Pushing back the h O far upward engages it in the muscle, and 
the cellular and vaļulðr tissue, without finding the stray fibers. 

“The wound ae losed with sutures when by examination the effect 


The blunt (strabismus) hook sh 


3 * 
is found satisfa nA 


Of this 1 ce Quen operation, Beard'® makes the following inter- 


esting NS 


D SS of Vienna, made tenotomy after the manner of v. Graefe, 
savethat he picked up the exposed tendon with the mouse-tooth or 
ie] fixation forceps, instead of with the hook, but used the hook 
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in finding and severing remaining fibers. 'This surgeon was most cir- 
eumspeet in determining the position and extent of his ineision through 
the membranes, choosing a small horizontal one over the center of the 
tendon for the lower degrees of strabismus and a freer vertical one 
over the insertion for the higher grades. If it was feared that the 
separation of the muscle from the globe was extrenie, the aponeurosis 
of the tendon was included by the suture which finally closed the 
vertical wound; if not, only the conjunctiva was included.’’ 

It will be observed that practically this same procedure is recom- 
mended by J. Meller, of Vienna, as shown in Fig. 73. 

Von Graefe’s Method.—A vertical incision is made in the conjune- 
tiva about seven or eight millimeters long between the cornea and the 
insertion of the tendon. The dissection is continued downward toward 
the eanthus, beyond the tendon’s insertion in the muscle. A strabis- 
mus hook is introduced underneath the tendon now, and traction made 
on it sufficiently to bring the tendon well into view, and with a pair 
of scissors the tendon is completely detached from the eyeball, cut- 
ting close to the sclera. A hook is now introduced to search for any 
uncut fibers of the tendon. This will not be necessary if a good ex- 
posure of the tendon is secured before cutting the tendon. The con- 
junctival wound is now closed with fine sutures. This method, with 
very shght modifications, is much used at the present time. 


Subconjunctival Tenotomy.—This method of Rate ras first in- 
[as 


troduced by Jules Guerin and Baynen (Knapp), bt perfeeted 
by Critchett, of London,” and is usually spoken of As @ritchett’s oper- 


ation. Beard?? describes Critehett's operation AA ®llows: 

‘With strong mouse-tooth forceps, presw Qui upon the globe 
over the lower border of the tendon, p id its insertion, a hori- 
zontal fold of conjunctiva and under] aper of Tenon is picked 
up and cut crosswise with blunt- rg n eiSsors close to the forceps, 
if possible dividing both membrat one snip, though it may be 
necessary to pick up the 2 O er fold and ineise it sepa- 
rately. Thus a vertical wound G- is made. The lower border of 
the tendon is now brought t p. by gently lifting with the forceps 
the fold of membrane sti tained in its jaws and touching the 


wound with the shar e bint of a cotton sponge. A delicate, 
flattened Graefe nooi NN en Inserted, point up, beneath the tendon, 
pushing it snug Miclude all the fibers, the forceps relinquished 
by the left hand ie hook, which is slightly raised. One point of 
the delicate blunt*wÓéinted scissors is passed beneath the tendon close 
to its attach and the other beneath the conjunctiva, and the ten- 
otomy ace IShed by successive snips of the scissors, cutting from 
the heel 1e point of the hook. As in the Graefe method, stray 
fibers lave escaped the scissors are sought and divided. If still 
feet is desired, a subeonjunetival incision is made vertically 


n’s capsule, a little back of the point where the tendon was 
Unless there is a tendency of the conjunctival wound to gape, no 
ithre is employed.’’ 


| 


| 
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Snellen's Operation—Snellen*! of Utrecht, devised a very ingenious 
tenotomy operation which consisted of making an incision directly 
through the conjunctiva and central part of the tendon at or near its 
insertion. Through this opening he inserts a small strabismus hook, 
point upward, and incises the remaining upper portion of the tendon 
with a pair of blunt-pointed scissors. The hook is now turned point 
downward, and the lower portion of the tendon is picked up and 
severed likewise, after which a suture is placed in the conjunctiva if 
found necessary. 

Dr. George T. Stevens, of New York, modified Snellen’s opera- 
tion, and devised the most exact and efficient instruments for par- 
tial tenotomy. In Stevens’ operation the upper and lower margins 
of the tendon are not severed. 


t 
BEN " 
we. 


Fig. 73.—Tenotomy of the rectus internus. 
abduction. A small incision is made in the comf va (c). The forceps, after seiz- 
ing the muscle, are held perpendicular to the c ture of the eyeball. One blade of 
the open scissors is introduced immediate behind the muscle at its insertion, the 
other blade lies in front of it. A single s with the scissors severs the tendon (t) 
at its insertion. (From Josef Meller, Q, mic Surgery.) 


eye is placed in the position of 


peration for tenotomy, a very slight 


The following very interegjN 
[2] v 
iven by J. Meller? as shown in Fig. 73. 


modification of Von Arlt’ 


**'The operator, with\a phir of toothed forceps in the left hand, raises 
a fold of bulbar conjyncffva at a distance of three mm. from the limbus, 
and with slightly red scissors makes a vertical incision, from five 
to seven mm. | Ihe nasal border of the wound is then lifted up, 
the subconju tissue severed and undermined by short cuts, and 
the close eps, held parallel to the sclera, introduced until they 
reach thi rtion of the muscle (five mm. from the limbus). They 
are th red pressed against the sclera, and the tendon is grasped. 
The eps are now rotated into a position perpendicular to the sur- 
fa . Ahe eyeball, so that the tendon, covered by Tenon’s capsule, 


40 
| SV 
AO 


178 STRABISMUS, 


is somewhat raised from the sclera. The insertion of the tendon is 
seen as it glistens through the capsule. The scissors, held in the right 
hand, make a short incision at the lower margin of the insertion of 
the tendon, which at the same time opens Tenon’s capsule. Through 
this gap one blade of the scissors is pushed behind the tendon, and 
the other in front of the insertion. The convexity of the blades is 
directed toward the sclera, so that the points are therefore turned 
away from the eyeball. In this position of the scissors no injury of 
the sclera can occur. If the tendon is properly severed, only a slight 
ridge remains on the sclera marking the point of the tendinous in- 
sertion. The incision includes only the width of the insertion of the 
tendon, and does not touch the attachments of Tenon’s capsule to 
the eyeball beyond.”’ 


Tenotomy of External Rectus.—This is indicated in slight degrees 
of divergenee and in higher degrees of divergence when accompanied 
with a resection or advancement. The effect of a tenotomy of the ex- 
ternal rectus is not so great as that of the internus. Its execution is the 
same as tenotomy of the internus, with the exception that it must be 
remembered that its insertion is farther from the cornea. One need 
not fear the bad after effect which sometimes accompanies a tenotomy 
of the internus. It has been my observation that about ten to twelve 
degrees of deviation is corrected by a tenotomy of this musele. Knapp 
says it varies from fifteen degrees down to no correqtion whatever. 
Wootten?? has given us definite rules for our gt AN in tenotomy 
of the external reetus. (See Divergent sti 4.) 

Tenotomy of the Superior Rectus.—A ax ale of approximately 


seven to ten degrees is usually obtained by notomy of this muscle. 
Concerning the tenotomy of this muscle 


fandolt says :?* 


‘“‘Tenotomy of the superior Sh le produces an alteration of 
about five degrees, but it is quit¢,impeSsible to predict the exact effect 
of any advancement, tenotom SN shortening, which may be neces- 
sary in any given ecase."' O 

It is a justifiable proc Q where there is a hypertropia of eight 
degrees or more in a pox vhose occupation does not demand a great 
deal of elose work. NN a ease, in a person whose trade or tempera- 
ment demands sO ose work, it would probably be advisable to ad- 
vance the antfeongSf. A tenotomy of this muscle should be done with 
the greatest,caM and delicacy, as the end-results are not so certain 
as those RA lateral muscles. 


Te y of the Inferior Rectus.—I only mention this to warn the 
r Nagainst its performance. I personally performed this operation 
Dwónee, and had cause to regret it afterwards. I never expect to 


he demand on the inferior reetus is so great in our daily life, the eye 


S AE to regret the second offense. The reason for trouble here is that 
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being turned down while walking, eating, or reading; to cripple it 
means trouble. An advancement of the antagonist is always indicated. 

Tenotomy of the Obliques.—In congenital or acquired squints, with 
a decided deviation upward and outward, a tenotomy of the inferior 
oblique is indicated. This operation was particularly advocated by 
Duane,” who describes the operation as follows: 


““Tenotomy of the inferior oblique is done by dividing the tendon of 
origin of the muscle through a cutaneous incision 15-20 mm. long, made 
at the lower inner angle of the eye just below the lachrymal sae. The 
incision is carried down to the bone, and the orbital septum is divided 
just where it joins the lower and inner margin of the orbit. A squint 
hook is swept inward along the floor of the orbit with its point 
direeted upward and inward until it engages the tendon. The latter, 
whieh is more or less buried in fat and faseia, is completely divided 
with the scissors. The tendon usually retracts, but to prevent pos- 
sible readhesion two or three mm. are exseeted. The effect is a com- 
plete paralysis of the musele."' 

This tenotomy can be done through a conjunctival incision (C. 
Berens). 


26 


Posey?* reports a number of cases and gives indications for, and 
results of, this procedure. This operation is sometimes indicated, even 
on very young children (Duane). 

A tenotomy of the superior oblique ean be made by makin& an in- 
cision into the brow over region of the trochlea. Its ES are 


yt 
not so frequent or so definite as are those for a ten@y y of the 


inferior oblique. & 
Tenotomy: Its Indications and esie eq dp t may be per- 
missible to do a tenotomy of the internal ree 


with marked deviations and marked amblyjemi here there is serious 
objeetion to any operative procedure op e ‘ood eye. It would be 


more scientific and accurate to do a reWession of the internus and a 


1 grown subjects 


definite advancement of the externus (See Case 10 in chapter of 
Illustrative Cases. ) 
Contraindications.—An intern etus tenotomy is never justifiable 


in a patient under twelve O . age. No one can tell what the 
iW Yo be, 


result of a tenotomy is g and it is certain that a tenotomy 
of an internal reetus j 
of the two eyes for e 


fiable where the» any hope of securing binocular vision. As a 


"res with convergence; hence with the use 
" work; that means tenotomy is never justi- 


matter of fact, ‘ieve that tenotomy will grow less and less in favor, 


owing to it$ d nite result and also owing to its bad end-result; i.e., 


causing vergence in a certain number of cases. I believe that a 

certain c Ite recession with or without advaneement will eventually 

AER place of tenotomy. I have recently combined the two with 
a 


+? 


curacy and good results (see Case 6), and I believe these 
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accurate methods will supersede the inaccurate and indefinite ones, much 
to the benefit of the public and the credit of ophthalmie surgery. Tenot- 
omy of the external rectus is indicated where there is an excess of 
divergence associated with external squint, and I have seen no harm 
come from this operation ; however, it has been my experience that single 
tenotomies of this muscle without an accompanying advancement have 
but little effect. Associating the recession operation with advancement 
in divergent squint, I find that recession is not particularly indicated 
here, as a free tenotomy has no disadvantages and causes much less 
trauma than a recession. Tenotomy of an oblique is indicated where 
it ean be shown that there is a decided overaction of the muscle. 

Duane?’ says that the most important indication for tenotomy of an 
inferior oblique arises where there is a paralysis of a superior rectus 
associated with a secondary deviation caused by overaction of the 
inferior oblique in the opposite eye. 

The author has discussed tenotomy at more length than its real value 
as a surgical procedure at the present day deserves, but inasmuch as it 
is being, and will be, frequently performed, he feels that its virtues 
and pitfalls should be fully discussed. In the future of squint surgery 
I believe that tenotomy without some restraint or control will seldom be 
performed. This I believe will come about for two reasons. In the 
first place, I feel that when the publie and the physicians are better 
informed, the majority of squint eases will be A on so early 
in life that a tenotomy will not be needed or in a Wty indicated, but, 


on the contrary, contraindicated. In the secoxfNPface, in those older 
18tomy, the more exact 


resection will take its 


subjects, in whom there is some excuse for ; 
proeedures of recession and advancem eMe 
plaee. 

Complications.—It must be cone hat tenotomy is one of the 
safest and easiest operations dom upon the eye. This very fact has 
made it popular, particularly wķ&b)the timid patient and with the timid 
operator, if there be such. Qi it is a mistake to feel that no harm 
ean come from a tenotoi &napp (Norris and Oliver) reports the 
loss of an eye. H, NM reports two eases of perforation of the 
N hag 
seen, but they must not be forgotten. Some of 
Ations are: Tenotomy of the muscle of the wrong 


selera. Massive he res have occurred. These more severe com- 


plications are 
the lesser com 
eye. This d scarcely be called a misfortune, as a tenotomy of the 
straight 1s advocated by some writers. 


een says: 


NS r five years I have maintained the theory that the part of the 
squint deviation which relieves the trouble of innervation of con- 
-ergence is accomplished by an operation on the eye which does not 
quint.’’ 
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Parinaud?? advocates the tenotomy of the sound eye. The tenotomy 
of the wrong muscle on either eye would be a grave accident, and one 
whieh would require immediate attention. 

The majority of our troubles following tenotomy of the internus 
are due to a too-free tenotomy. These are retraction of the carunele; 
loss of motility, particularly loss of converging power; exophthalmus, 
with widening of the palpebral fissure, causing the eye to look larger; 
and, lastly, the much-dreaded divergenee, whieh produces more de- 


formity than was present before the operation. 


Methods for Controlling Tenotomy.—Knapp*! mentions under head- 
ing of procedures to diminish the effect, application of sutures. He 
recommends a scleral stitch, which also includes the muscle tendon. I 
can indorse this stitch as being efficacious. The effect of the tenotomy 
ean practically be nullified by this stitch, when properly placed and 
securely tied. <A lesser effect can be obtained by catching only the 
capsule and conjunctiva. Beard (l.c.) advises immediate control of 
the effect of the tenotomy where it is evident that too great an effect 
is produced. He advises this, even at the risk of reestablishing the 
squint, as he considers the internal squint thus left. easier to correct than 
the divergent squint which would follow. Good effects can be obtained 
by watching the case daily and removing the central suture at the proper 
time. If the central suture is causing convergence, it WU re- 
moved the next day. 

Procedures to Increase the Operative Effect.— The r writers 
recommended the extension of the wound upward etis. thus 
cutting more the capsule and the check ligamentgew«WXhis is the chief 
eause of the after divergence which has just b O and this 
procedure is never justified. Many sutures “een applied (Knapp, 
von Graefe, Joeqs) to anchor the eye, ye ih controlling the an- 
tagonist, etc., but most of them are ine&ectual. If one wishes a real 
aid to a tenotomy, some form of shing of the antagonist (see 
Advancements or Resections) sho be performed, and the methods 
of exactness, hereafter to be To ee should be adhered to. This 

= 


in cases of divergence. 


F2 


procedure is particularly iad 

Partial Tenotomies.— NM tenotomies may be divided into three 
classes. Those in w, O central portion of the tendon is cut, 
those in which its Ue portion is cut, and, third, a combination of 


the two. aN) 
Knapp, on ‘oO ung to von Graefe that he was doing marginal ten- 
otomies, ręcę ie curt reply: ‘‘You will not do that long.’’*? 


Von à ee of marginal tenotomies: 


‘‘Tfql made a tenotomy for simple strabismus, or for insufficiency, 
ag ‘aid of an overeorreetion, left only the one or the other fiber 
uNyyided, the effect was only transitory.’’ 


U 
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Knapp soon abandoned partial tenotomies for more definite measures. 

Beard?* recommended the cutting of the central portion of the tendon, 
and the advancement of the externus in eases of squint, a very good 
procedure. 


Savage? says: 


‘Yet it will be shown in this section that partial, and not complete, 
tenotomies, only, should be done, even in higher degrees of hetero- 
tropia."' 


On page 8114 he says: 
‘“The ideal operation for the cure of esotropia and its complications 


consists of advancements of both externi, to make them stronger, and 
partial tenotomies of both interni to make them weaker."' 


The above advice is particularly sound, when one takes into ac- 
eount the exaet degree of deviation and the exaet amount of shorten- 
ing of the externi. 

To Dr. George T. Stevens, of New York, we are indebted for the 
most exact and painstaking partial tenotomies. He often operated a 
number.of times before securing the desired effect. 


Stevens?" deseribes his partial tenotomy as follows: 


fold of con- 
Yrawing the 
we ball, with the 
e snips the fold 
meter in extent is 
© e points being closed, 
Mv backward, when the 
hich they are again closed, 


“The surgeon takes with his fine forceps a minu 
junetiva at the center of the insertion of the tend 
little fold of conjunctiva slightly away from th 
extreme points of his tenotomy scissors ie 19 
transversely so that an opening about half aN 
made through the membrane. Now the force 
are pressed into the little opening and 
points are permitted to'spring apart, 
this time holding a small fold of the just behind the insertion. 
This little fold of tendon being ] the stretch, the fine pointed 
scissors, by little snips, dissect vete from the eyeball between 
the layers of the capsule (whichAhould remain intact) toward one 
border of the insertion. Th€Pkense of feeling of the fingers against 
the rings of the scissors wf the hands of one skilled in the oper- 
ation, inform him of the ‘Pach to the border and warn him against 
its destruction.’ 


H 


It must be evi Q the reader that such exact surgery requires un- 
usual skill and & vdry large experience, together with the use of such 
matehlessly je instruments as those introduced by this master. 
I feel qs at the average operator will succeed better and do less 
harm if kes a more extensive exposure of his tendon. A slightly 
ANN SS us of the conjunetiva over the tendon is far outweighed 
ANS greater exactness secured by more exposure. 


py, as shown in Fig. 74. 


Aer has introduced a very ingenious method of partial tenot- 


o 
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F. C. Todd? recommended the partial cutting through of the tendon 
of the internal rectus. He made two cuts in the tendon on one side 
and one eut on the opposite side, each cutting to its center, the cuts 
being about five millimeters apart and not opposite. (Fig. 75.) 


(us 


B 


i Fig. 74.—Partial plastic tenotomy of Verhoeff. Diagram above shows the points 
A B, A' B', and € at which the tendon is partially divided. The diagram below 
shows how the tendon becomes lengthened by giving way after the operation, 
(American Encyclopedia of Ophthalmology.) 


Fig. 75.—Diagram of Todd’s method of DA tenotomy. The change in loca- 
tion of erosses shows the lengthening which eS place. (From Todd, Journal of 
the American MAIO Association.) 


a a 
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t b =O 
| Fig. 76.—Harman's pdrtia& Tenotomy. 1. Shows aa’ cuts on one side of tendon 
to middle line c; b interm@diage cut, 2/3 width of the tendon. 


2. Tissue stretchedeafter cuts are made showing band uniting axis of tendon. 
(Drawn from È ined by cutting strapping.) (From Harman, Ophthalmo- 
scope.) 


| jishó 9. *? London, has deseribed a partial tenotomy oper- 
Ton SM effective and when properly performed is safe. It is 
8 NS effective than either Todd’s or Verhoeff's. 
a is sufficiently descriptive of Harman’s operation. 
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I have tried this operation, and haye found it safe and effectual. I 
have used this method of weakening those so-called ‘‘abnormally short”? 
or at least abnormally strong museles as indieated by the pull upon 
the scales. (See Fig. 92.) By this means. a muscle whose pull is 125 
grams ean be reduced to 75 grams, and the accurate results can be 
obtained by certain definite degree of resection. (See Case 15, chapter 
XII.) 


Duane (40) says: 


**'The central buttonhole operation produces no material effect unless 
the tenotomy is total; i.e., severs the whole insertion." 


It is his opinion that the only way to obtain graduated effect is by 
carefully dividing the lateral attachments until the desired result is 
obtained as indicated by repeated tests. In my earlier practice I tried 
the eentral partial tenotomies, but found these of no partieular value; 
however, I feel that they may have some place in squint surgery when 
used as recommended by Beard and Savage. The only objection to 
their use would be the uncertainty as to what their ultimate effect, if 
any, would be. I see no reason why this procedure would not be 
efficacious if its effect were regulated by means of the scales as above 

ndieated, 


Advancement Operations. —By this term is meant the ringing for- 


ward of the tendon of the ocular muscle and SEPAN to the globe 
nearer the cornea, thus giving it greater pover j Ate movements 
of the eye. 


The first advancement operation was perfekmec o Guerin; who, 
in an effort to correct a divergent RO following a double 
tenotomy of the interni, picked up the,ff&gMuns of the internus and 
brought it forward and attached it sclera (Jackson). In the 
Medical Times and Gazette, 1857 agd 8*t is to be found the descrip- 
tion of Critchett’s advancement. is was a three-thread advancement 
operation with a definite effort at aging the tendinous insertion nearer 
the cornea. (See Fig. 4, p 

In 1871, Weber*? deserg 


in 1873 described a s% 
as de Wecker's adv 


single-suture advancement. De Wecker** 
operation, which seems to have been known 
ent. 


The number &f ajlvaneement operations introduced since these have 
been legion, ] of which have been based on more or less the same 
Dr c ong uae may be mentioned Agnew's;** Landolt's;*5 
Prince’ illiam's;** Beard’s ;*8 Howe’s;*? Argyll ;>° Melville Blaek ;?! 
Wo SS C. Worth ;? * Verhoeff; NS Vas ee Splitting s tendon ods 


NN. 


N will be seen from the above very incomplete list that it would be 
ile to undertake the description of so many operations. The author 


O 
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will describe a few of the most important, selecting some for their 
historical or inherent worth, pointing out the good and weak points as 
have occurred to him in their use. 


Critchett’s advancement was improved upon by Jessop?* by tying his 
suture into the tendon. H. D. Noyes” also improved upon Critchett’s 
operation by using a very fine, sharp needle by which he could more 
easily secure a good scleral hold. This is practically the same advance- 
ment operation described by J. Meller.” 


The following very simple and efficient advancement operation, de- 
scribed by E. Jackson”? is well worthy of mention. Jackson especially 
recommends this operation for the relief of divergent squint. The 
author has found it very effectual. 


‘A curved incision in the conjunctiva and episcleral tissue is made 
10 mm. long and concave to the cornea. The flap toward the canthus 
is held up and dissected free from the sclera by snips of the scissors. 
The dissection is first to be made a little above or below the insertion 
of the internus, until one blade of the Prince advancement forceps can 
be slipped beneath the tendon, back from the insertion almost as far 
as it will be necessary to place the suture. The other blade of the 
forceps is pressed on the surface of the conjunctiva, so that the whole 
mass of tissue to be advanced is caught between the blades, which are 
elosed upon it. With the flap thus held the insertion of the tendon, 
and all other adhesions of the flap to the globe, are divided by\snips of 
the scissors. The flap ean then be drawn Hand into it SN rela- 
tion with the eyeball and the position of the suture nece tő retain 
it there, and the amount of tissue to be removed, decid 

“The finest, sharpest curved needle is then passe 
from the conjunctiva to the scleral surface, back 
advancement forceps and about 2 mm. above ES ow) the center of 
the cornéal margin and 1 mm. from it, in suc ay as to take a firm 
hold in.the sclera without passing throne iw t should include one- 
fourth or one-third the thickness of E era; and the points of 


ough the flap 
e blades of the 


entrance and emergence should be 3 t mm. apart. If, at the first 
attempt, the needle euts or pulls duo he firm tissue, it should be 
introduced a little deeper and a KA arther back from the cornea. 


The needle is then passed beneg ie flap and through it from the 
sclera to the conjunctival sur ok of the blades of the forceps, 
opposite the original poin ý, and 2 mm. below (or above) the 
center of the tendon ; LN mm. from the first entrance. (See Figs. 

e drawn forward and the suture tied. T 


77 and 78.) The flap 
there remains redun Orr this may be trimmed away, generally 
including that AD. y the forceps. ^ 


Jackson ml s that lateral sutures be placed when found neces- 
sary to flatt the muscle on the globe or to perfect the conjunctival 
closure. 

Singl SS. operations are not usually satisfaetory, as they tend 
to burfh up the tissues, distort the normal anatomic relations, and are 
Dur make pointed attachments. 
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Worth® describes his operation as follows: 


“Rach needle and suture before being inserted is drawn through a 
fold of lint on which is a little sterile vaseline. One of the needles 
is passed inward at A’ through the conjunctiva, and brought out at B’. 
The bight of the thread thus encloses a width of about 2 mm. near the 
upper edge of the muscle, together with capsule and conjunctiva. The 
ends of the thread from A’ to B’ are then crossed over, making a half- 
hitch at C. The end bearing the needle is then entered at D and passed 
through conjunctiva, capsule, and muscle, and carried beneath the lower 
blade of the advancement forceps, out of the wound, and stuck into a 
piece of gauze which has been placed on the patient's forehead to receive 


I| Fig. 77.—Jackson’s advancement with single scleral stitch. Tissue held by forceps 
and scleral stitch placed ready to tighten, and later cut away tissues at the broken 
line. (American Encyclopedia of Ophthalmology). 


Fig. 78.—Jackson’s advancementf/ywith scleral stitch in center, and superficial 
stitches above and below, at co m of operation. (American Encyclopedia of 
Ophthalmology.) 


it. The suture A, B YS at the lower margin of the muscle is then 
similarly dealt wa&h( is’ needle also being brought out of the wound 
and stuck into the gauze. 

“The anterior Pets of the muscle and capsule and conjunctiva are 
then removed cutting them through behind where they are grasped 
by the ad Nent forceps. The longitudinal position on the muscle 
of loops (Oe. C, and A’, B’, C’, and the amount of tissue removed, 
vary NES to the degree of rotation required. If only a very small 
NS 'equired perhaps no tissue at all may be removed. "The sutures 
on te muscle are placed 2 or 3 mm. behind the eut end, in order that 
re shall be no tension on the extreme end of the musele while union 
aking place. 


o 
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“The next stage in the operation, the insertion of the two main 
sutures into the scierotie at G and G^" 1s one that requires great judgment 
and delieaey of touch. "Take one of the needles in the holder, leaving 
about 14 inch exposed. With the fixation forceps take a firm hold of 
the globe at the site of the old insertion. Lay the back of the needle 
on the sclerotic exactly in line with the position of the suture in the 
muscle (in other words, keep the suture parallel with the marking 
suture) and about 1% inch or a little more from the corneal margin. 
Press the point of the needle backwards slightly, so as to dimple the 
sclerotic a little. Then push it onward so that it traverses at least half 
the thickness of the sclerotic, but taking the greatest care not to pierce 
the whole thickness. The superficial extent of the insertion of the suture 
is about 4g inch. A fresh hold of the needle is now taken with the 
holder just below the point and pulled through. The other main suture 
is similarly dealt with. No verbal directions ean be given for gauging 


Fig. 79.—Worth's advancement onerat. (From Worth, Squint.) 


the depth. One judges by sight : Qu One's taetile sense also 
warns one of an abnormal thinness Qf fhe sclerotic, which is occasionally, 


though rarely, met with. 
“I now use a split-eyed ae ith eutting edges for inserting the 
D 4 Z o o te») 
nsideration of this is postponed to a 
( 


sutures into the sclerotic, O 
later page in order ©) id complicating the description of the 
operation. 

“The assistant eraspwehe eyeball with fixation forceps on the opposite 
side, and rotates iCeeto the primary position. The surgeon ties each 
suture at H anda ith the first hitch of ‘the surgeon’s knot,’ gradually 
tightening it a&We manipulates the anterior end of the muscle with 
forceps int (did plaee. Care must be taken that the anterior 
end of ANS cle be neither inverted nor everted. The assistant now 
lets go hi&Yold of the eye. The tension of the sutures is adjusted and 
each 4gNot completed by a second hitch. These two sutures bear all the 


"agy. The marking sutures are now tied. If there be any gaps in 
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the membranes above or below the holding sutures, they are closed with 
additional fine sutures. 

‘In operating under cocaine, before the knots are tied at H and H’, 
the assistant holds the globe in the primary position with the forceps, 
while the patient is told to try to look away from the operated muscle. 
This relaxes the muscle while it is being drawn forward by the sutures. 
The sutures having been temporarily secured at H and H’ by the first 
hitch of ‘the surgeon's knot,’ the assistant releases the globe. The fine 
adjustment is done by tightening or loosening the hitehes at H and H', 
the result being checked by the mirror test or by the reflection of a 
candle flame on the cornea. The knots at H and H’ are then completed. 

“The immediate effect is the permanent result. No overcorrection, 
therefore, is necessary." (Fig. 79.) 


The author has not found the immediate effect of any advancement 
| by any method to be the permanent effect, when advancement alone is 
done. If some means is not used to prevent the constant drawing of the 


AC 


l 


& 
Ox different stages. The dotted 


Fig. 80.—Advancement stitch of Ver] : 
lines indicate the part buried in the sca. (American Encyclopedia of Ophthal- 
mology.) 


internal rectus on the sutures Qu in the advancement of the external 


rectus in cases of comitant, a eot squint, the immediate effeet will 
always be greater N effect. This does not necessarily obtain 
where a tenotomy, NS or even a partial tenotomy, has been done. 

Verhoeff* has ON one of the best advancement operations. This 


is deseribed as f lo rs by Jackson :° 


*tIThe te Ger is exposed through a vertieal incision 3.5 mm. from 
the corne (Ne on a strabismus hook and isolated. It is then seized 
with th cst foreeps near the insertion. A double-armed silk 
NE It is first introduced into the sclera for 2.5 mm. as shown 
NA half to one mm. from the corneal margin. Then each needle 
oduced at the point of exit of the suture, and carried horizontally 
mm. towards the insertion of the tendon as shown in B. The tendon 


a 
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sufficiently far back, C. The tendon is then brought forward with the 
foreeps, the eyeball rotated into position, and the suture tightened, D. 
A sufficient portion of the tendon grasped in the forceps is excised and 
the conjunctiva brought together by two superficial sutures.’’ (Fig. 
80.) 

I have performed this operation a number of times, and have found 
it very accurate, safe, and effective. I can recommend it particularly 
in divergent squint, when associated with a tenotomy of the antagonist. 

The following interesting operation of Dr. W. B. Laneaster deserves 
a place in squint surgery. Its author claims to be able to adjust the 
amount of shortening done with more accuracy than with the Reese, 
Verhoeff, or Jackson, operations. (Figs. 81 and 82.) 


Fig. 81.—Dr. Lancaster’s latest method of operating. 
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Fig. 82.—Dr. Lancaster’s late oetnoa of operating. 
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Quia to the limbus about 8 mm. 
from the cornea, that is, slg posterior to the insertion of the 
muscle. The reason for tl NK at the stitches which come up through 

AAAtendon, through the belly of the muscle 


the stump or insertion o 
and through the eogemNeUva, may be in the anterior conjunctival 
flap and not in the Qosferior. Result, a better scar—no puckering. 


Length of incision, abdut 10 mm. Undermine the conjunctiva for- 


“The conjunctival incision i; 


ward to the Mks) also undermine backward exposing the capsule 
of Tenon over muscle. Pick up the capsule with forceps at the 
margin of, isele and buttonhole it, permitting the insertion of 


the mus NN x under the muscle. Isolate the muscle by cutting the 
CAPPING 9 both edges, so that the muscle can be raised on two 
| hooks 


iply the Prince’s forceps to the muscle at the proper point. 
is)pdint is one to two millimeters in front of the future insertion 
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of the muscle. For example, if you wish to shorten the muscle 8 mm., 
apply the forceps 6 or 7 mm. from the original insertion. Then the 
stitehes will be 8 mm. from the original insertion. "The forceps are 
to be applied so that the handle is back over the muscle to be ad- 
vanced, not forward over the cornea as is more usual. The reason 
for this is that the muscle ean be pushed forward under the conjunc- 
tival flap toward the limbus more easily when the handles are in this 
position; there is less tendency to wrinkle the conjunetival flap. 

‘Having applied the Prince’s forceps, cut the tendon not too close 
to the insertion, so as to leave a little stump. 

'* If there is much muscle hanging from the forceps, eut off the sur- 
plus, leaving one millimeter only, so that there will be no excess un- 
der the conjunctival flap to make a bunch. However, the excess will 
flatten down and make no permanent hump, even if it is left. 

‘‘Tnsert the two double-armed sutures, one through the upper third 
and one through the lower third of the tendon stump. Pass each 
needle from behind forward, emerging a little in front of the old 
insertion. Then pass the two sutures through the muscle a little back 
of the Prince’s forceps. The needles enter on the scleral surface, and 
come out on the conjunctival surface. Next pass the two sutures 
through the anterior conjunctival flap. They must be placed in the 
conjunctiva directly over the points where they came through the 
tendon stump, so that the conjunctiva will be tied down on to the 
insertion in its normal position without puckering. 

‘‘The assistant fixes the eyeball with forceps applied on the opposite 
side of the cornea. Holding these in one hand, he, with the other hand, 
pushes the muscle held by the Prince's forceps under conjunctiva 
toward the limbus, while the surgeon by gentle ioh pulls the 
sutures into place and then ties them firmly. '(Ags’ the muscle is 
firmly held by two mattress sutures against tl insertion, where 
it becomes reattached. After the knots are Yd Mhe Prince’s forceps 
are released and gently extricated from "the flap. The knots 
are outside the conjunctiva, and so the s WY can be removed after 
seven or eight days. If 20-day eatguge Qu the stitehes ean be left, 
or the knots can be cut off if they ss 00° long in absorbing. 

‘The opening in the conjunct§ga closes without suturing, if the 
posterior flap was not too freel lermined."' 


Dr PR. O Jamesons ope Oy for old paralysis of external rectus 
Sefibed by him is as follows: 


with extreme adduction, >O 

‘‘The procedure co ip An extreme recession and an advancement 
after exsection as fay as external canthus of external rectus capsule 
and conjunctiva roeorneal margin. 

**'The object (gd is to anchor the rim of outer canthus to corneal 
margin. 

‘The reé Gn is done in the manner described by the author in 
previous C nes. It violates the general rule by scleral fixation of 
the mt id behind the equator. 

NN issection for the advaneement and exsection of externus is a 
DN ie, the muscle capsule and conjunctiva are not separated but a 

ap with these structures in normal continuity is dissected back to the 
enix behind outer canthus. 
‘The line of exsection is behind the outer canthus. 
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‘‘ After this is accomplished a quadrant of conjunctiva is removed 
between the muscle stump and the corneal margin to which the outer 
eanthus, muscle capsule and conjunetiva are sutured. 

'"These single sutures or two single and one double armed (if a 
central loop is preferred) are passed first through the inter marginal 
space (the edge) of outer canthus then through flap, conjunctival 
capsule muscle and on to sclero corneal margin where they are drawn 
taut and tied. : 


Fig. 83.—Outline of flap; hook introduced. (Dr. Jameson's CS 


Fig. 84.—Muscle detached ; NER sutures in position. (Dr. Jameson's 
C) operation. ) 


“If support to adv*wfcement is desired two loop sutures may be 
introduced—one (he upper, the other to edge of muscle insertions of 
the opposing si ANT ond reetus) and anchored respectively to upper 
and lower lid oin as far to the outer parts as will not over-ride the 
cornea. SN pull the eye outward toward the advanced parts and 
are rel NN removed after they have served their purpose. 

sP P EUR result is to adduet the eye so that the outer eanthus 
is b eV up to the corneal margin which, of course, is an overcorrec- 
Mu as the connective tissue band stretches, the eye is maintained 


o 
AN 
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in position near the median line. Of course no muscle action is obtain- 
able.’’ 

Figs. 83 and 84 represent Dr. Jameson’s advancement operation. 

Resection Operations.—Under this heading is to be classed those 
operations in which the muscle is shortened and attached to or near 
its original attachment. Most writers (Jackson, E. C. Ellett, et al.) 
maintain that in all advancements the real attachment of the muscle is 
not near the cornea, but over the site of the original tendinous insertion. 
(This has been disputed by Worth, Landolt, Wells, ete.) 

One of the first resection operations was that of J. F. Noyes,® in 
which (see Fig. 85) he shortened the muscle by placing a double-armed 


© 


g. 85.—J. F. Noyes’ shortening. (From Beard, Ophthalmic Surgery.) 


Fi 
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Surgery.) 


Fig. 86.—Schweigger's S for squint. (From Beard, Ophthalmic 


suture through the stù of the tendon and the muscle. Noyes did not 
cut off any of thpentusple, but caused a shortening of it by overlapping. 
Blaneo** places Jhe muscular end of the tendon underneath the 


tendinous gtymp. This method was used by Noyes according to the 


drawings. QS Reese resection.) 
Calla as removed as much as 12 mm. from the external rectus 
+ . . 
an aed to have corrected as much as 35 degrees of deviation by 


so Nte. This has not been my experience. As a rule, only about 


egtion, when a resection only is done. 


~ 24 degrees of correction can be secured from that amount of re- 
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One of the best resections is that of Schweieger?* and is described by 
Beard,*' at some length. 

Fig. 86 is self-explanatory. | 

It wil be observed how very similar this operation is to that of 
Reese, which is the best known resection operation in America. This 


Fig. 87.—Reese’s resection. Passage of the strabismus hook under the entire muscle. 
(From De Schweinitz, Diseases of the Eye.) 
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Fig. 88.—Reese's ED owing the three necessary sutures. (From De 
cinitz, Diseases of the Eye.) 


was deseribed es in New York Medical Journal, January, 1912, and 
is given as fo, oy De Schweinitz :9? 


* Rees SM resection operation. Dr. Robert G. Reese operates 


as KIAN ie description of the operation being in his own words: 
=a KX ihe external and internal rectus make a vertical incision in the 
coi 'à 6 mm. from the corneoscleral margin, commencing at the 


* 
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level of the upper corneal border, and extending to the horizontal plane 
of the lower border. 

‘< * At the upper and lower limits of the incision just made grasp the 
tissue anterior to the sclera with forceps and open with scissors, direct- 
ing their point away from the muscle. This procedure allows the 
passage of the strabismus hook under the entire muscle. 

** *When the muscle is held on the hook, dissect all the conjunctival 
and subeonjunctival tissue back to the canthus, exposing the bare muscle 
completely. 

** ‘The lateral invaginations of Tenon’s capsule, which are attached 
to the tendons of the ocular muscles, must be dissected free and clear. 


Fig. 89.—Reese's resection. showing Ye muscle resected and cutures in scleral 
stump. (From De Se Finitz, Diseases of the Eye.) 


** «One blade of the res@tignh forceps is then inserted beneath the mus- 
ele at a right angle O) irse, so that the groove on the blade lies 
directly over the mi “f@bers of the muscle. Clamp the forceps to the 
last notch, and do © et its grasp include anything but muscle. 

** *Sever thd muscle 2 mm. from its scleral attachment, leaving a 
stump, so that resected end can be sewed to its original insertion. 
Free the b Got the muscle from any scleral adhesions. Three sutures 
are nece ji: 

“He sutures in, commencing with the middle, which is a No. 3 
b NN silk with a needle on each end. Pass one needle through the 
AN surface of the muscle posterior to the blade of the forceps and 
4 . back of the point of resection, and 1 mm. to the side of the groove 


her side of the groove making a loop with the suture on the scleral 


x the forceps; then pass the other needle the same way, but to the 
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surface of the muscle. As the needles pieree the muscle, let them 
include the dissected edge of the subeonjunetival and conjunctival 
tissues. 

'* "The two wing sutures are No. 5 silk with a single needle passed 
first through the upper and lower part of the dissected conjunetiva and 
episeleral tissues, ineluding the superior and inferior border of the 
muscle, and slightly posterior to the loop made by the middle suture. 

"Cut the muscle anterior to the sutures, leaving at least 2 mm. in 
front of the loop. 

` "Insert the two needles attached to the middle suture 2 mm. apart, 
through the center, and the two other needles through the upper and 
lower edges of the scleral stump. These needles should include the 
conjunctiva as they pass from behind forward. 

~ ‘Tie the middle suture first in a loop, and do not use a surgeon's 
knot, as it will not pull up well. The lateral sutures are next tied. 
No supplementary conjunctival sutures are necessary. 

** “The middle suture is removed in ten days, and the others can be 
taken out any time after forty-eight hours, or if left in they soon fall out. 

** ‘The eye operated upon only is bandaged and is dressed daily for 
five days, when borie aeid bathing three times a day is ordered; and 
if the eye is not overcorreeted, the correcting lenses are ordered for 
constant use. On the other hand, if there is any undercorrection, a 
mydriatie is used and the proper glass is worn constantly. 

'* ‘The operation consists in reseeting the muscle only, and not cut- 
ting out any of the other tissues of the eye. Itisa myectomy, because 
in no degree of squint however slight, will removing the teiklinous 


portion of the muscle be sufficient.’ "' « 
Y 


As early as 1910 I became convinced that more NS unt sur- 
gery was essential; and earlier squint surgery was QN ive. I had 
fallen into some of the pitfalls of tenotomy and al med it. 1 had 
used the various advancements and found them j nite, difficult, or 
inaccurate. Worth’s had its scleral stitch vi 


^ 


free from danger, but was difficult to meure, and the amount of cor- 


ras not always easy 


to introduce, neither did it always hold., I s resection was good, 


rection it gave was limited. Verhoeff dvancement had its seleral 
stiteh. However, it was effective, l lent itself to fairly accurate 
measurement. 


It soon became evident thy e. must be devised that would 
furnish a sure anchorage f SN reseeted muscle, and at the same time 
entail the least possiblf laager. After trying various sutures, seleral 
and otherwise, it was fo that the tendinous stump afforded the ideal 
anchorage. By le ' 1% to 2 mm. of the tendinous stump, one is 
enabled to place @\Buble-armed suture through its scleral surface (see 
Figs. 95 and € Vithout fear of harm, which will have tensile strength 
enough ON the eye into any position and hold it there without 
tearing AN 


Th xt essential was to devise some means of measuring the actual 
mo shortening done. This required an unusual exposure of the 
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musele to be shortened, and a means of measuring this shortening. I 
devised a pair of calipers to measure the distance from the cut end 
to where the sutures were to be placed. This is now determined be- 
fore the patient enters the operating room. This depends upon the 
degree of squint present. The degree of squint is measured fre- 
quently before the patient is sent to the operating room, usually during 
a period of six months. A printed slip is sent with the patient, and on 
this slip the degree of squint and the amount of shortening to be done 
are indicated. The calipers are set by the operating room nurse as 
per the above instruetions. Here we have exaet measurement of the 
degree of squint before operating and exact operative procedure, and 
have a right to expeet definite end-results. 


Fig. 90.—Calipers. 


Fig. 91.—Wilkinson’s strabismus 1 x measuring accurately in mm. the short- 
ening done in squint operations. 4a, S g sleeve; b, shaft bearing millimeter scale; 
c, T-shaped piece at end; d, squgag pointer; e, set screw. (Service Instrument Co., 
Washington, D. C.) Q 


I devised an LT in which the scleral stump was used as 
an anchor. In thig ration the central suture was identical with the 
suture deserib xDuverger and Metty.? In addition to the central 
suture, I E GE lateral sutures whieh were introduced from the 
eanthal sidG@ef the wound through the conjunctiva, the capsule, the 
wer portions of the muscle just in front of the central 
Wü then through the conjunctiva near the upper and lower 
of the cornea, thus closing the conjunctival wound. This is 
aM *xcellent operation and I still use it on selected cases. 

The only objeetion to this operative method was that there was 


upper 
suty 


XO lways some slight doubt as to the measurement, and a faultlessly exact 
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method was to be desired. In 1915, after using the above-mentioned 
operation for some three years, I devised an operation (see below), 
which I have now used on more than 400 cases with much satisfaction 
and inereasing confidence. 

In this operation the muscle is exposed and the exact amount of 
shortening is measured with either ealipers or rule (see Fig. 90). The 
sutures tied, a second measurement is made to determine just exactly 
how much the muscle has been shortened. In all other operations this 
ean only be approximated. 

Having found it difficult to measure accurately with calipers the 
exaet point at whieh the musele suture was to be placed, I devised a 
strabismus rule (see Fig. 91) which is much more convenient and at 
the same time more accurate. It consists of an instrument about the 
weight and size of a strabismus hook with a cross bar about 8 mm. in 
length at the end. Above this bar on the shaft, beginning at 54% mm., 
is placed a millimeter scale up to 15 mm. At the upper end of the 
shaft is placed a sliding sleeve. On the right-hand side of this sleeve 
is a set serew and in front at its lower point, is placed a square pointer 
3 mm. long. To use this instrument, the pointer is set at the desired 
distance from the inside of the T end. The muscle is detached and 
held by the muscle forceps and the suture is placed through the stump 
ready to be passed through the muscle at a certain distar The 
assistant now introduces this measure externally to the expsad Muscle 
down towards its belly, while the surgeon makes de on 
the muscle forceps. The pointer is made to he on,fReNIoreeps over 
the eut end of the muscle. The surgeon now i ices his suture 
through the muscle from the ocular side, passi x thread through 
either angle of the T at the end of the EN d 


The third essential was to devise some 


ans by which the eye 


'estrieted, that the sutures 
et the ocular movement and 


ean be controlled, or its movements 
will not give way or tear out. To re: 


relieve the stress from the stitche: strabismus splint or brace was 
devised. (See cut and E OT I have now used this brace in 


es of all stress and stretehes the 
‘mits the advaneed muscle to heal where 


more than 400 cases and i NE f has any harm come from its use. 
It relieves the advancen utur 


overaeting internus, af 
it is left at the end 0X 


up and about, a m paid. 


In my efforts etermine accurately the effect of a certain number 


le operation, and permits the patient to be 


of ES Shortening, I found some variance. In investigating 


the SENS is, I was convinced that where there was an unusually 
strong INS internal reetus, due to anatomie overdevelop- 
"NC jastie conditions, or changes from deviation of squint, that 


n$ degree of shortening would not produce the same amount of 
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correction as in a normal ease. I then devised a pair of scales (see 
eut) to measure the pull or resistance of the internus. This I have 
used in the past 400 cases. 
| The seales are graded in grams. I have found that the average 
| pull to à squinting eye is from 70 to 80 grams. Many will pull as 
| much as 120 grams, and a few 150 grams (Fig. 92). 


| Fig. 92.—Scales for measuring pull of muscle. 


e 
e 


Fig. 93.—Strabismus brace; A to B, 11 mm.: © to H Mmm., thickness, 0.5 mm. 
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Fig. dm Ner introduction and position of stay sutures for strabismus brace. 


The Xd of using the scales is as follows: The stay suture for 


$. . 
ie brace is placed underneath the tendon of the internal 
reWNe" musele. (See Fig. 94.) This thread is knotted and the hook 


' the scales is caught in the thread. The eye is now pulled out until 
‘XO! edge of the cornea is brought to the outer canthus. The weight 


Ag 
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of the pull required to bring the eye over is registered on the seales 
and recorded. In loeal anesthesia the patient is required to fix with 
the good eye as the squinting one is pulled outward until the cornea 
reaches the external eanthus. Under ether the same procedure is fol- 
lowed; but, of course, we have no fixing eye. The degree of anesthesia 
probably eauses a variation in the pull; however, I have not found it 
so. I feel certain that a markedly overacting muscle will be thus 
deteeted despite that possible error. In eases with slight overaeting 
internal reetus I leave the braee in from ten to twelve days and take 
an extra millimeter of shortening. Cases which require 120 grams or 
more to turn the eye out will require a recession operation, or tendon- 
lengthening operation, such as Verhoeff's or Harman's. 

In the event that there is overcorrection, which I have had in two 
cases, the method of correction is by leaving off the glasses and train- 
ing the fusion faculty. In one ease in which an error was made in 
setting the calipers by the inch scale instead of the metric, an over- 
correction of 15 degrees was obtained. This was overcome by length- 
ening the muscle after the manner recommended by Bishop Harman. 

''ropometrie reading will usually indicate an overacting internus. In 
those cases in which there is found a deficient movement of the eye out- 
ward as shown by the tropometer, there is usually a greater pull found 
when using the scales. 


The following deseription of my operation is taken NOE burnal 
of the American Medical Association, 1922: 


“Fie. 93 represents a strabismus brace which is tc e to the 
tendon cf the internal rectus muscle. It Pe NN jemi-oval or shoe- 
heel shaped piece of flat lead, perforated in fo ces for the anchor 
sutures. Its dimensions are 14 mm. in its e Aqu 11 mm. in the 
horizontal diameter, and 0.5 mm. in nen) ss. Its purpose is to 
stretch the overacting internal rectus an@ to fix the eye so as to pre- 
vent tearing of the sutures in the di © las external rectus muscle. 

“Fig. 94 shows the method of i1 ction and the position of the 
stay sutures for the strabismus bzMÉJ A slight opening about 3 mm. 
long is made at either border ie tendinous insertion of the in- 
ternal rectus muscle; a strg&i shook is inserted under the tendon, 
and the tendon is raised ; a thread, A B, is passed along beside 
the strabismus hook a through the eonjunetiva at the opposite 


edge of the tendon. hij, the first thread, a No. 14 twisted silk, 

placed underneath the tefidon of the overacting internal rectus muscle ; 
the second suturé Yo. 8 twisted silk, is placed deep into the check 
ligament in the nal angle of the eye. These threads are now laid 
aside until, he resection of the external rectus has been com- 
pleted, a | they are passed through the four perforations in the 


A ace and tied 
is 99 represents the exposure of the external muscle, its clamp- 
muscle forceps, and the cutting of the muscle 1.5 mm. from 
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'* Fig. 96 presents the cut external rectus laid back; a double-armed 
00 twenty-day chromic catgut is first introduced from within outward, 
one needle going through the upper fourth of the tendinous stump and 
the other needle through the lower fourth of the stump. The upper 
thread is now passed from within outward through the upper fourth 


«RS 95: 


Exposure of external muscle, clamping with forceps, and cutting 1.5 mm. 
from insertion. 


Fig. 96.—Cut external rectus laid back ar í suture in place. Note calipers 
measuring the amot B sortening. 


NO 


Fig y mena in place and muscle held back in original position. 


* 
of ly of the muscle at a distance measured by the caliper as 
he shown, it having been previously determined how much short- 
inè shall be done and the caliper set at that distance. The lower 


Q 'ead is now passed through the lower fourth of the muscle at the 


afne distance from its eut end as the upper thread. 


A 
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“Fig. 97 shows the thread in place and the muscle held back in the 
original position, in order to show better the exact method of placing 
this suture. 

“Fig. 98 shows the eye pulled up straight, the end of the muscle 
brought up to or overlapping the eorneal margin, and the suture tied. 
A firm hold is secured on the muscle, and yet there is no dangerous 
scleral stitch. 

“Fig. 99 shows the muscle advanced, the main suture tied, and the 
placing of the two auxiliary modified Critchett sutures to guarantee no 
curling back of the eut ends of the muscle and also to guard against 
an accidental untying of the first or main suture. I use here a No. 
5 silk suture. These two sutures pass through the conjunctiva and 


Pi. 
IL INY 
L UN 


Eye pulled up straight; end of muscle brought up to or overlapping the 
corneal margin and the suture tied. 


Fig. 98. 


INS 
NS 


b 


Fig. 99.—Musele advanced, main teg and two auxiliary modified Critchett 
S placed. 

the capsule, through the NY and lower edge of the muscle respec- 

tively, in front of the Couture and then through the conjunctiva. 

The main suture of ONgatkut is now eut, and the muscle is also eut about 

3 mm. in advance,of T 


1e Critehett sutures. The latter sutures are 
now tied, thus coe the conjunctiva. 

“Fig. 100 ney the external wound closed, and the brace tied in 
the internal of the eye by the two anchor sutures. 

“The e&NSnow closed and bandaged. Daily dressings of hot boric 
acid NN 1, atropin, and argyrol are used. The brace and the 
auxiliary vr Critchett stitches are removed on the eighth day. The 
pag mais permitted to be up and dressed after thirty-six hours, and 
XS about after the third day.” 
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I have now used this method in over 400 cases, and can recommend 
it without hesitation to those who wish a definite mode of aetion to 
attain a definite end-result. This operation with the brace causes 
more reaction, but it is a much more definite procedure. Without 
the use of the brace I feel that it has advantages over other resec- 
tions, in that the amount of shortening ean be more accurately meas- 
ured and it is mechanically stronger than any with which I am ac- 
quainted. 

A Combination of Resection and Advancement.—There are a num- 
ber of operations in which there is both a resection and an advance- 
ment. C. Worth's, Verhoeff's, and Jackson’s operations are of this 
type. They are useful in cases in which a very large effect is to be 
seeured from one operative procedure. 


Fig. 100.—External wound closed, and brace tied x Qu. angle of eye by two 
anchor sutures, 

Folding or Tucking Operations ir) se there are two types. 
One, the shortening, is made by (Me use of a suture alone. In the 
other, the tendon is folded over Ofistrument and sutured in place. 
These operations are indicate those cases in which there has been 
left only a slight degree e tect. The objections to these methods 


are, first, there is alwaa sn t "ee as to the amount of correction 
that will be secured. g e ben plaee, the folding operation, when 
d, 


ckers are used, more effect can be secured, but 


the thread alone usually eorreets only a very small amount 
of defect. Wher 
it 1s difficult Cry veasure accurately the amount of shortening that has 
been done Ox addition to this, there is usually an ugly lump caused 


by the Row 10us fold, which remains for a long time. Much effect 


ured with these procedures in cases in which a tenotomy is 


Ca 
TN: on the antagonist, a procedure which should not be prac- 
med as it also adds to our first indefinite result one more indefinite 


be? also more harmful. 


toa m 
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Of the tendon-folding operation with suture, that described by 
de Wecker’? was one of the first, and its modification is still being 
used. 

A very simple single-suture folding operation is that which 
Lagleyze™ described in 1891, which is as follows (Jackson) :* 


“The conjunctival incision is made concave to the corneal margin. 
In advance of the tendon insertion, a flap of conjunctiva covering 
the insertion is excised. The tendon is exposed and isolated on two 
strabismus hooks. A double-armed suture is introduced by passing 
both needles from the scleral surface outward through the tendon 
or muscle and conjunctiva sufficiently far back from the insertion ; 


LD ? 


NZ 


lopedia of 


Fig. 101.—-Folding of tendon as done by Lagleyze. (From American Ency 
Ophthalmology.) 


Fig. 102.—Stitch for folding tendon, e by Suffa. Both ends introduced. (From 
American I, Na) t of Ophthalmology.) 


one needle being pass M. from each margin of the tendon or 
muscle. The needle ar ien entered beneath the conjunctival flap 
adjoining the cornea, superficially into the sclera, and brought out 
at the corneal e as shown in Fig. 101. The tightening of the 
suture folds tl lon forward almost to the corneal limbus. The 
suture is RSS o remain ten days to secure firm union. 


Of th 


2 


tion Savage" has the following to say: 


juld be done, is the ‘flat advancement’ without severing the 


S NS of all advancement operations, therefore the only one 
devised by Lagleyze."' 
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Certainly, one of the best tendon-folding suture operations is that 
described by Suffa™ as follows: 


'After exposing and isolating the tendon, a double-armed suture 
is laid aeross the tendon at A, Fig. 102, suffieiently far baek from the 
insertion to give the required amount of shortening. The needle 
attached to the upper end of the suture is introduced beneath the 
tendon, which is made to pierce the scleral surface at B, at the june- 
tion of the upper and second quarters of the width of the tendon, in 
front of the suture A. It is then earried over the suture C, where the 
needle again pierces the tendon, from the conjunctival to the scleral 
surface, and is carried beneath the tendon to its insertion, where it 
pierces, emerging at D. The lower end of the suture is similarly 


Fig. 103.—Catgut suture in position ready to be tied. When tied, the base, c, is 
approximated to the tendon insertion at a and b. (From Banister, The American 
Journal of Physiological Optics.) 
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Fig. 104.—Suture tied. Needle ragh€eyed to make supplemental tuck. (From Ban- 


ister, The Ameri{an) ournal of Physiological Optics.) 


carried through at t NOLO. of the lower and third quarters of 
the tendon, back, hey. and forward to the insertion. The tendon 

ig the sutures. The conjunctival opening is 
closed by a sup nal suture on either side, being allowed to gape 
over the kno the tendon suture." 


T 


catgut suture advancement operation which is pre- 
sented sanister is a modification of the operation as first intro- 
dug? v Savage, and afterward by Valk. The accompanying illus- 
tzat ?s (Figs. 103, 104, 105, 106) are self-explanatory. 


’Connor™* described a unique operation for shortening the muscle, 
: ‘XO: vhich he split the tendon into four strands and formed around each 
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a loop of large eatgut. "This operation is rather tedious and none too 
aecurate. 

F. O. Schwartz," of St. Louis, has devised a very ingenious tendon 
splitting advaneement operation, in which the tendon, after being ex- 
posed, is split down its eenter for about 1 em. One-half is drawn up and 
the other down by means of threads, and mattress sutures are placed 
through gold plates to prevent tearing. 

Briggs” described a very ingenious shortening operation by clamp- 
ing a loop of the tendon with a small silver wire ring. The greatest 
objection to this operation is its inaccuracy as to exact amount of 
shortening done and the difficulty of removing the ring, as it at times 
becomes buried in inflammatory tissue. 


Fig. 105.—Supplemental suture in place, ready to be tied. (From Banister, The 


American Journal of Physiological Optics.) 


Fig. 106.— Supplemental suture passed anc ick completed. Note double tuck. (From 
Banister, The American Jo l of Physiological Optics.) 


Folding Tendons with Spe truments.—Jackson* tells us that 
Maxwell” was one of the Wr o introduce an instrument for folding 
the tendon for the p re) of shortening the muscle in the relief of 
squint. This had palla fixed hooks and a eentral movable hook 
which slid -betwee 
up by the move 


he two stationary ones. The tendon was picked 

ok and drawn up between the two stationary hooks 
by means o 'ew. The amount of shortening was indicated by a 
millimet Q e on the tendon folder. When a sufficient loop of tendon 
has AN drawn between the two fixed hooks, a double-armed thread 
is passed through the double tendon from behind forward near the 
NO hooks. The sutures are tightened with a temporary knot, and 


* 


^N 
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wl 
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the hooks removed and the result tested. Additional sutures are placed 
if found necessary. Sutures are placed to flatten out the loop. 

Clark'* describes a very effective hook, which is similar to that intro- 
duced by Maxwell. This consists of a three-pronged hook controlled 
with a milled screw and ratchet. This instrument was improved upon 
by H. D. Bruns,? who also advised the use of a guy suture to bring 
forward and flatten out the tendon. His is one of the best folding or 
tueking operations. 

Greene*^ in 1899 described a new type of folder. Todd*! introduced 
a tendon folder. Bishop Harman?! devised a very ingenious reefing 
forceps for folding the tendon. Bishop? recently introduced one of 
the best tucking instruments. 

There are two objections to all forms of tucking operations on the 
tendons. In the first place, it is very difficult to tell exactly how much 
the muscle has been shortened. If the tendon is forced between the 
prongs of the forceps, much stretching must take place, and the tendon 
being folded, any error in measurement is always double. The advocates 
of this operation have maintained that there will be no torsion produced 
by this procedure. It would appear that this would occur as frequently, 
if not more frequently, than in a straight advancement, as any slight 
variation of the distance of the two lateral sutures from the cornea 
would be doubled, and henee would produce torsion. second ob- 
jection is that there is frequently quite a lump vw um 'emains for 
months. I have found that a fairly open advane@hignt with definite 
measurement of the amount of shortening do is given far more 
constant effect, and without any greater reacts yr danger. The claim 
made by advocates of folding operations 0 harm ean come from 
this procedure, that the worst that g appen would be a return 
to the previous status, whereas, jf advancement gives way, the 
second condition is worse than the %yst, does not obtain, if the sutures 
in the advancement are properl& Placed and protected by means of 


the brace or a recession as al indicated. 

Operations Transferrin ions of the Muscle.—In paralytic cases 
efforts have been made; me to time to transfer the action of one 
muscle to the field AX action of the paralyzed muscle. Successes 
have been reporf€l Jackson, O'Connor, Peters, and others. The 
author has not iu ES experience with these procedures to recom- 
mend theme from a physiologie viewpoint they are worth con- 


sidering. yaralytiec cases, advancements of the antagonist muscle, 
with te es in selected cases of the overacting muscle, would usually 


eive NW aetory results. (See chapter on Paralytie Strabismus.) 
NM of Insertion.—Jackson?* recommends transplanting the ten- 


14 Jacksons? recommend advancing tendons laterally to relieve dec- 


SS of a muscle to take up the effect of a paralysis of another. Stevens?? 
be) 


CN 


ge 


AN 


N 
SO 


OPERATIVE TREATMENT 207 
linations which they consider potent etiologic factors in the production 
of squint. 

Operations on Check Ligaments.—Motais, Kalb, and others have 
written several interesting articles upon the effect of cutting the check 
ligaments. Motais*’ has described in detail the operative procedure. 
Parinaud*® advocates setting back the check ligament in certain condi- 
tions. The author feels that unless there is a marked restriction in the 
movements of the eyes, the same end can be more definitely obtained by 
other procedures which are not as complicated. 


Capsular Advancement.—De Wecker,*® in 1883, conceived the idea 
that if the capsule was advanced, leaving the muscle and tendon undis- 
turbed, this would support and strengthen the action of the muscle. 
Knapp tried this, and, finding it inefficient, he modified de Wecker’s 
operation, and converted it into a tendon-advancement operation, which 
was much more effective (Norris and Oliver). 

L. W. Fox?? has given us a very interesting description of his capsular 
advancement in his textbook on ophthalmology as follows: 


'Tenotomy of both external recti muscles, making an opening 
through the conjunctiva, over the insertion of the tendon.  Tenon's 
eapsule is then stretehed until the cornea is well into the inner eanthus 
—this is an important part of the operation, and should be performed 
as follows: the strabismus hook, which is a large one, flat on itsside, is 
inserted in the opened conjunctiva and Tenon’s capsule, a Ç 1 eon- 
siderable traetion all the tissues are stretehed until the co XN s buried 
in the inner eanthus. The stretching of the upper tissu Cy as can be 
readily understood, a tendency to rotate the eyeball t tain degree 
and leave the conjunctiva and Tenon’s capsule inta low ; to equalize 
the stretching the point of the hook is reversed d the lower con- 
junetiva and capsule are also stretched. 

“The upper suture is inserted through CR. unetiva and Tenon's 
capsule and across under the conjunctiva enon’s capsule, midway 
between the insertion of the superior etus muscle and the margin 
of the cornea; a similar suture is pags% through the lower margin 


of the conjunctiv a and brought I iC way between the insertion of 
the inferior. rectus muscle and t, Giron of the cornea; this thread 
is then tied, and in like NO a thread; two more sutures 
are passed thr ough the N the lips of the wound and tied."' 


1 qn ts obtained by capsular advance- 
hat these procedures must be accompanied 


There are such inde 
ments when done aloe 
by tenotomy, and t in turn, leaves an element of doubt. The trend 
should be towar Ns: iH procedures to attain definite ends. 


MEC to the indications for recession, or setting 
* 5 . * e 
back of t NN scle toward which it deviates, Beard?' has the following 
to say: NS 
g S is but one class of squint cases wherein the surgical treat- 


mag ys s for an actual setting back of the muscle toward which the 
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eye deviates, viz., that in which the muscle is abnormally short. This 
is found in certain instances of congenital squint, and, exceptionally, 
in the ease of middle-aged or elderly subjects with acquired squint in 
whom the defect has been of many years’ duration. I refer particularly 
to those in which the length of the muscle is so inadequate that not 
only is the eye incapable of voluntary rotation in the opposite direc- 
tion, but also refuses to so turn under fixation forceps, even with the 
subject in complete narcosis. 


“To attempt advancement of the antagonist without a recession of 
this short muscle would result in the production of an unwarrantable 
degree of enophthalmos, and still greater limitation in the motility of 
the globe. Indeed, advancement of the opposite muscle is not needful 
save in a certain percentage of these cases, the recession alone being 
sufficient." 


A. E. Prince, in the early eighties (Beard) published a paper in 
which he advocated a central suture in tenotomy. Colburn (Chieago)?? 
in 1889 described an operation for controlling the tendinous insertion 
after tenotomy, calling it curb tenotomy. This is described as fol- 
lows by Beard:?? 


‘The tendon is exposed by a horizontal incision through conjunctiva 
and capsule, whose center is over the middle of the insertion. The 
tendon is caught upon a small flattish hook, which is shoved back to 
free the muscle from its sheath. A double-armed thread of No. 1 
braided silk is put into the tendon 2 or 3 mm. behind he insertion 
by passing a needle down through close to each poe "nd the loop 
thus formed pulled down snug. "The needles are tl »Arried beneath 
Tenon's eapsule, one above, the other below, just he with the loop, 
given a good bite, and brought out through capsule and con- 
junetiva. While the operator holds the We , an aid rotates the 
eye far outward (it being the internus) in QN > to still further loosen 
the tendon from its surroundings; theg IS set free and the suture 
so tied as to leave a slight converzofce) he same suture closed the 
opening in the membranes.”’ 


The profession is indebted to 
ducing a definite procedure [eA 
operative procedure in the% 


> Jameson, of Brooklyn for intro- 
ssion. Dr. Jameson?* published his 
BMuives of Ophthalmology, 1922, and his 
as follows: 


‘fA conjunctival j WY is made about seven millimeters long fol- 
lowing the curvgro\ fhe semilunar fold, the center corresponding to 


the caruncle. QheJends of this incision are prolonged toward the 


description of his oper 


cornea and ig t direction of the fornici above and below. The 
flap is und ied to its base and turned over toward the cornea. 
The semi conjunctiva is also undermined in the direction of the 


e UN th care not to disturb the fascial trebeculae or areolar 
tisgfe he surfaee of the musele. (Fig. 107.) 

Qe muscle is now undermined, completely separated from the 
loDe, and its capsular continuity severed above and below by inci- 
n carried back beyond the equator. A tenotomy hook is inserted 
facilitate. clean dissection, and Reese forceps, placed behind it, 
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grasp the muscle. The hook is withdrawn and the muscle severed 
from its insertion in the usual way. 

"It is an advantage to have the operative field completely exposed 
and ample room to manipulate the needle. The sclera now exposed 
should be sponged and cleaned of blood particles and the outlying 
muscle fibers, if any, freely severed. 

‘‘The distance from the muscle insertion which the operator desires 
to recede the muscle end is now measured in millimeters and the point 
noted on the sclera. The remaining steps in the operation are very 
simple. 


y 
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Fig. 107.— Muscle exposed. Capsular incisions pass backward beyond equa (From 


Jameson, Archives of Ophthalmology.) S 


Fig. 108.—Muscie 0) recession. Three sutures introduced through con- 


junctiva, sclera, and Ey through conjunctiva. (From Jameson, Archives of Ophthal- 
mology. ) 


“Three sing Aa sutures are provided. The first, the central 
one, is intr NN from without the conjunctival lip nearest the car- 
unele, NN orates the outer surface of the muscle end, just below 


the center Qs the forceps. At this point to make for the utmost 
safetyel she bite of the suture, the needle is put through the muscle 


` ejunder side above its first perforation (that is just above the 


Wen 
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center of the muscle) and is brought out on the upper side of the 
muscle, the thread being looped around the thread of the first per- 
foration. This simple suture is easily seen on the diagram. The 
sutures are now continued right on through the sclera and out and 
finally through the lip of the conjunctiva nearest the cornea. The 
two remaining sutures, about three millimeters above and below the 
center, are carried directly through the conjunctiva lip, muscle end, 
sclera, and conjunctival lip nearest the cornea. (Fig. 108.) 

‘The sutures are now carefully separated, the blood débris cleared 
away, the muscle approximated to its new scleral attachment. 


**The tying of the sutures firmly holds the muscle to its new scleral 
position and at the same time closes the conjunctival opening. The 
central suture resolves itself into a surgical knot and tightly holds a 
bundle of muscle fibers in firm apposition to the sclera. If the con- 
junetival wound gaps between the sutures, it is wise to supplement 


surface conjunctival sutures. 


Fig. 109.—By tying the sutures the con nci va wound is closed and the muscle, 
at the same time, is brought to its omt of attachment. (From Jameson, 


ow 
Archives of Ophthalmology.) x 


‘‘Certain precautions should ova in order to make a smooth 
and facile operation. The Qi should be earefully separated, 
leaving the supramuseulaf Wues intact. The areolar tissue in which 
the musele is deeply, i ed in the region of the caruncle should 
not be sliced. If PN one the musele is endangered, the anatomy 
disarranged, and Q eaction will be greater. (Fig. 109.) 

Mdb so Qr vantage to leave the mass of fat and fascia in 
which the muse is embedded posteriorly intact. It not only pre- 
serves the tomie relationship of the parts but leaves a compaet 
mass of NT in continuity with the capsular incisions above and 
below aati#h unites and adds to the strength of the scleral attachment. 


* 

NN, needles should be small, 10 millimeters from tip to eye, full 
NN and sharp. A large blunt needle would endanger the opera- 
t10 


1 
SS iw: have found the ideal suture material is 00 or 000 10-day 
C ‘XO éhromicized catgut. This has almost the strength of No. 1 silk. It 
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has the great advantage of nonirritative absorption in due time, so 
that digging for buried sutures is avoided. It holds equally as well." 

Dr. Jameson states that before doing this operation the operator 
should master the technic of scleral suturing. This ean be done on 
the enucleated eye. 

There are two features of Dr. Jameson’s operation that are of par- 
ticular value. In certain cases in which there is a very definite over- 
acting internus it becomes necessary to overcome in some way this 
overaction. This has been done heretofore by tenotomies, partial 
tenotomies, or muscle extension operations, all of which left much 
to be guessed as to what the ultimate effect might be. With a def- 
inite amount of recession, one ean soon arrive at more or less accurate 
amount of correction to be secured. In other words, it gives us a 
definite, measured procedure to take the place of haphazard ones. In 
the second place, it secures all the benefit of a tenotomy without its 


i. 
SN 


A 
S 


Fig. 110.—Wilkinson’s modification of Jameson's Dee stitch. 


detriments, less restriction of convergence, iger of divergence, 
and exophthalmos. In fact, with a meas NS and measured 
reseetion or advancement, it would seem Ker there shall be no excuse 
for permitting any one to remain cross d at any age. 

The modification (Fig. 110) of AT d excellent operation 
will obviate the searring of the e uich is produced by his central 
stitch being placed over N the muscle; besides, it lends to 
strength as well as O ND measurement. I prefer the use of 
No. 1 braided silk for SWeghtral scleral stitch. This is brought out 
through the capsule CO onjunctiva and should be removed on the 
eighth or tenth dayG@ Phe two lateral sutures are placed as.deseribed 
are tied first. The central portion of the con- 
a separate suture when deemed necessary. 

Definit tive Procedures.—It is deemed advisable to discuss 
definite ire procedures as applied to individual cases. 

In sQ&ht degrees of internal deviation, say up to 18 degrees, in 


by Dr. Jameson, 
junetiva is cl 


xoi jects, an advancement of the external rectus of the deviat- 
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ing eye is the operation of choice. Exceptions to this rule will in- 
clude eyes which are small, deep-set, and with small palpebral fissures. 
In such a ease, and particularly in a ease of a girl, in whom the mat- 
ter of appearance should be considered, it would probably be best to 
divide the operative procedure between the two muscles, 1.e., do an 
advancement of moderate degree of each externus. In a young child, 
say three to six years of age, with 18 degrees of squint which had not 
changed after six months’ treatment with glasses, orthoptie exercise, 
ete. (see chapter on Nonoperative Treatment), I would advise doing 
an advancement of the external rectus of 10 mm., using the brace to 
prevent any giving way of the sutures, provided the tropometer 
showed normal excursions, and the eyes were sufficiently large and 
prominent. If the eyes were retracted and there was present some 
limitation of the external rotation, I would do a 3 mm. recession with 
not too wide lateral incisions, and a 6 mm. advancement. 

In a ease of, say 14 degrees of deviation, an advancement of 8 mm. 
accurately done, provided lateral rotations are normal, will give a 
satisfactory result. In low degrees of deviations, it requires: rela- 
tively more advancement to correct a given defect than it does when 
advaneing the musele 10 to 12 mm. In other words, all other things 
being equal, it requires about 6 to 7 mm. of shortening to secure 10 to 
11 degrees of correction, whereas, an adv TE 12 mm. will 
certainly correct as much as 20 degrees of dev ae hen there is 
normal rotation. In the small, deep-set eye it Qj ficult to shorten 
a muscle 12 mm. and it is not desirable to do s too much shorten- 
ing might cause some restriction in motjoy well as enophthalmos. 

In patients with deviations of 20 to : 
able to advanee both external recti À 
a recession and advancement op Kd 
time. It has been my experiengg®hat a recession operation with very 
slight or no lateral incision wiNorrect 3% to 4 degrees of deviation 
per millimeter of recessiQi(J,lf wide lateral euts are made as sug- 
gested by Dr. Jameson obtains 414 to 5 degrees of correction per 
millimeter of reces 

J. M. Wheeler, M York, in a personal eonversation, expressed 
the view that ssion of the internal reetus of more than 4 mm. 
might cause d&eétive convergence. I think this view should be con- 


rees, it is usually advis- 
s in prominent eyes, or do 
on the same eye at the same 


sidered, Qv Ch would hesitate to recede an internal reetus muscle more 
than thj nount in a ease that has binocular vision, as convergence 


meee espected, it being one of the most important acts in the 
of the eyes. Take, for instance, a case of 25 degrees deyia- 
NS Under ether anesthesia I would advanee both external recti 
8 mm., and place in the brace to be worn for a week (see deserip- 
A ion of brace, Fig. 93, p. 198). If the patient has 30 degrees of 
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squint, rotations normal, 9 mm. of shortening of each externus will be 
necessary. It is absolutely necessary to secure accurate measure- 
ments to obtain accurate results. Haphazard methods can but be disap- 
pointing. In ease of amblyopia of the deviating eye, where there is seri- 
ous objeetion to operating on the good eye, satisfaetory results ean 
be obtained by doing a recession and advancement. <A ease with 25 
degrees of deviation would require 4 mm. of recession without lateral 
incisions, and 7 mm. of advancement. If 30 degrees of deviation is 
present, 4 mm. of recession with lateral incisions, and 8!5 mm. of ad- 
vancement, will be required. 

For the correction of 30 to 40 degrees of deviation, the same rules hold 
eood. The younger the subject, the more is resection indicated. Thirty- 
five degrees of deviation can be corrected with a double advancement of 
10 mm. of each external rectus. Forty degrees of deviation can be 
corrected by a double advancement of 12 mm. each. In higher degrees 
of deviation, it is best to advance both externi at one sitting in the 
very young subject, and at a later date, if it is found necessary, do 
a recession of one of the internal recti, the amount to be determined 
by the degree of deviation left after three to six months. Glasses and 
orthoptie exercises, of course, must be used during this interval. 

In older subjects with high degree of deviation associated with 
amblyopia, where there is serious objection to any operati n the 
eood eye, it is permissible to recess the internal rectus 5 KON so to 
of advance- 
i conjunction 
iation. There- 
degrees, with no 


make wide lateral incisions, and at the same time do a 


ment. Five mm. of recession with lateral incisior 
with resection, will correct about 25 degrees «C 
fore, if we have an old amblyopie squint of, s: D 


hope of seeuring binoeular vision, it would isable to do a reces- 
sion of 5 mm. with lateral incisions, "X Seetion of the external 


rectus of 10 mm 
The following table I feel can be OM upon: 


Advancement-resection race: 


6 mm. resection vf cet 9° of deviation 
€ E [1/4 (€ 


7 e € N 

E ; 5 55 : 

S é 4 é(« NN (c 13 oe (€ 
Qd ʻO (t a" ze € Cc 


H 15 
10 [an c< ce i 1715? é« ce 
12 (< (€ ce ce 202 [4041 ce 


La, recession: 
W Os ateral incisions With lateral incisions 


xu correct ir 1315? 
qe TSS 
N so OE 23° to 25° 


Allow NS must be made in all the above figures for any overaeting 
museseA or any particular control of the antagonist. They represent 
ay ngs in a number of cases accurately measured before the 


A? 
NM 
AO 
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operation (see chapter on Measurement of Strabismus), accurate meas- 
urement of the aetual amount of shortening or recession done, and the 
end-result as found several months after the operation. 


In cases with excessive convergence, without deficient divergence 
(Duane), a recession operation alone in low degrees of deviation, in 
lieu of the tenotomy, is indicated, but it is my belief and expe- 
rience that in cases in which there is a possibility of binocular 
vision, the advancement operation is the operation of choice. I have 
not for some years used the tucking operation, on account of the diffi- 
culty of accurately measuring the amount of shortening that is being 
done, and in addition, the tucking operation, when done alone, has 
not been so universally satisfaetory as the results I have been getting 
with the resection and brace. 

Divergent Strabismus.—The same rules hold good in the operative 
treatment of divergent strabismus as given for convergent strabismus, 
with this exception: it will be found more difficult to advance the 
internal rectus than it is the external rectus, hence, about 10 mm. of 
shortening is all that can conveniently be made. This means that 
by the author’s operation, only about 35 degrees of correction can Fe 
secured by the advancement of both interni when done alone. 
these cases usually occur in grown subjects, it is PSU to s a 
tenotomy of the external rectus. Wootten”? says: 


Qi more compli- 
ld depend entirely 
t is causative. 
he squint is associated 
aS € power, advancement of 
is invariably followed by 


‘The surgical treatment of divergent strabi 

cated than that of the convergent variety and& 
upon the character of the muscular anon KC 

'[n regard to operative measures, wl 
with myopia and insufficiency of cor 
both interni is the proper procedu, 3 
good results. When the deviati Gr with hypermetropia 
and an exeess of diverging po AS a free tenotomy of the externi 
repeated if necessary, will be ody successful. In the first class of 
cases, tenotomies of the ene and in the second class, advancement 
of the interni will Mp e) t in failure.’ 


It has been my Sy. in the main Wootten's deduetions 
are correct, but no re ore 25 to 28 degrees can usually be se- 
eured by ase both external recti, and even this is not usually 
maintained, Ç) i advancement must be done later to secure a 


satisfactory, Gegult. 
Given QN of divergent squint of 15 degrees' deviation with pp at 
3 to K a liberal tenotomy with lateral cutting of the capsule will 
NS eive a satisfactory result. If the deviation is 20 to 25 
S it will require a double tenotomy to secure the proper correc- 
ion. A better procedure would be to do a liberal tenotomy of the 


Ne ternus, with a shortening of 7 to 8 mm. of the internus. 


èl 
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In a patient with 30 degrees of deviation who refuses to have the 
good eye operated upon, it is still possible by doing a tenotomy and 
a full resection up to 10 mm. of shortening to secure a good result. 
Where the eye deviates outward more than 30 degrees, and where the 
result must be secured by operating on only one eye, it is best to 
perform complete tenotomy of the externus, after stretching as recom- 
mended by L. W. Fox, with some other operation than that de- 
vised by the writer. The advancement of Verhoeff, or that of Jackson, 
or Worth should be used. By bringing the end of the muscle nearer 
the cornea, one can secure a greater amount of correction. These 
operations require a scleral stitch, which is more difficult to place, 
and is also more apt to give way, but inasmuch as the antagonist is 
freely tenotomized, the pull on the stitches is minimized, and partic- 
ularly so if the eye is kept snugly bandaged for a few days. By means 
of this combination of operations, one can correct a very high degree 
of divergence by operating only on the deviating eye. Where a 
sufficient correction has not been secured, a second advancement can 
be done later, or a tenotomy and an advancement, if found necessary, 
of the straight eye might be considered. There is usually more red- 


ness and after-disfigurement in the way of thickened tissue following 


an advancement of the internus than that of the externus; however, 
this disappears in time under the influence of astringents. 


Hypertropia.—The correction of a vertical deviation wh done 
at the time of the correction of the lateral deviation, It may be 
undertaken later. A tenotomy of the superior Se when 
overaeting, is permissible, where there is a def more than 8 
degrees of deviation. A tenotomy of the inf@ipf rectus is never 


justifiable. 

With a vertical deviation of 10 to 15 icy. the underacting mus- 
cle should be shortened from 7 to 9 mÅNjust as recommended in the 
lateral deviations. I have very freqwently operated on both the 
external rectus and the superiog (gl inferior reetus, as the case de- 
manded, at the same time, and h never had to regret this procedure. 
It saves much nervous ar Gi r the patient, and I have seen no 
eontraindieations. The N of correction per mm. of shortening of 


the superior and in 'eetus muscles is practically the same as 


given for the externtsAsee table). If there be any difference, the 


effect is slightly ko 
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CHAPTER XII 
ILLUSTRATIVE CASES 


In this chapter will be presented a few cases which will illustrate 
| some points mentioned in the chapters on Nonoperative Treatment 
and The Operative Treatment of Strabismus. This is done to point 
| out the defects of certain procedures and to indicate the best opera- 
tive methods in certain definite cases. The essential facts only will 
| be given in each case, in order to avoid unnecessary details which 
| would detract from the report. 


| Case 1—Bernard K. Age nine years. 

First seen Oet. 4, 1923. 

History: Eyes have turned in since the age of four years, 
following pneumonia; no history of squint in family. 

Type of squint: Alternating. 


2:59:10) 


T 
| RSO Go 2b cy ax. 00> XE 
| 177:9.0 S +425 ey -ax-90* L— 
Full eorreetion ordered. 
Tropometrie reading: Normal. O 


| Ophthalmoseopie findings: PSOE 

I Degree of deviation: 45? ny on four occasions. } 

| Operation: June 23, 1925€, eùe external rectus muscle was 

| shortened 1244 mm. x 

I Musele pull with seales © 

I| Fusion: Grade 1 on 

| Result: Dee. 5, 19% 
glasses; 8° yi 


+3. 
Refraction: R. | ee 


(Atropin) | 3.25 | 


yperation: R 80 gm., L 100 gm. 


Q. patient had 5° of exophoria without 

Jiasses. 

Remarks: INY ild’s parents were not interested in his 
fusion tYtWNhe. If he had been operated on two or three 


yea er in all probability binoeular vision would 
hav n secured. It is to be noted that this child had a 


Aer degree of squint under atropin. This is an indica- 


for early operation. (Fig. 111.) 


| Q 
Ca, John A. Age six years. 
SS seen May 23, 1924. 
NO History: Eyes have crossed since four years of age, follow- 
ing a blow on the head. No history of squint in family. 
Type of squint: Alternating. , 
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Refraction: R. 


| 42 50 
R 42:50 V 
T1352 50 W 


Fig. 111.—Case 


Ne, 
e» 2.— Case 
AN e*of deviation : 


1. 


9 


L 
bo 
Qn 
ms 
aes 


6/6 


= 6/6 


Before and after 


Before 


May 
May 
June 
July 
July 


> and after 


23. 1924, 
31, 1924, 
14, 1924, 
4, 1924, 
9, 1994, 


treatment. Q 


treatment. 


R 40°, L 
R 40°, L 
R 42°, L 
R 44°, L 
R 445, L 
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Tropometrie reading: Normal. 

Ophthalmoseopie findings: Negative. 

Operation: July 9, 1924, each external reetus musele was 
shortened 1144 mm. 

Muscle pull with scales at operation: R 100 gm., L 110 gm. 

Result: Nov. 3, 1925, the eyes are parallel without glasses 
and there is binocular vision with glasses. He has no en- 
ophthalmus. 

Remarks: This case required several sittings for fusion train- 
ing and bar reading to secure a satisfactory result. If he 
had been operated upon one year sooner the same result 
would have been easier to attain. (Fig. 112.) 


3.—C. R. E. Age four years. 

First seen Jan. 3, 1926. 

History: Eyes have crossed since the age of one year. 
Type of squint: Alternating. 


+1.25 | +1.50 
Retinoscopy: R. BA » 
: — — 41.2: - £1.50 
(After one | ee Ls | ; 
week of at- 


ropinization) Full correction ordered. 


Degree of deviation: Jan. 5, 1926, 38° in each eye; 
40° under atropin. 
May 1, 1926, 40? in es 
May 21, 1926, 42? n 


Operation: May 21, 1926, each externa 
shortened 10 mm. 
Muscle pull with scales at operation, 90 em., L 80 gm. 
Result: .Nov. 5, 1926, there wer e. 5^ undereorreetion 
without glasses, but with el vere was binocular vision. 
Remarks: This child had 40 2 Nlegrees of deviation and 
each muscle should havg been shortened 1144 mm. instead 


of 10 mm. as was oe) 


us muscle was 


4.—J. A. Age seven 
First seen Aug. 25 
History: Hyes,hj 


ssed for two and one-half years previ- 


? 
ously TOONS wan attack of grippe. No history of squint 
in famil 


Alternating. 
| +2.0 +2.50 
ee 
+2.0 | Fa. 15 
| | 
R +2.50 V — 6/6 
L 42.75 — +.25 ey ax 90° V 6/6 


Full eorreetion ordered. 
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Tropometrie reading: Normal. 
Degree of deviation: Aug. 25, 1925, 39?in each eye. 
Aug. 91, 1925, 39° in each eye. 
June 4, 1926, 40° R; 39? L. 
Operation: June 7, 1926, each external rectus muscle was 
shortened 10 mm. 


| 


Fig. 113.— Case 5. 3efore and after treatment. 


OX 114.—Case 6. Before and after treatment. 


i 
We pull with scales at operation: R 70 gm., L 90 gm. 
NN ult: Eyes are parallel; there is binoeular vision with or 

without glasses. 
Remarks: There are from 3 to 5 degrees of esophoria without 
i ‘XO glasses. The slight undereorreetion would have been re- 
e lieved by doing 11 mm. of shortening instead of 10 mm. 


bo 
DS 
bo 
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Case 
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5.—Katherine F. Age six years. 

First seen Oet. 4, 1923. 

History: Eyes have been crossed since birth. No history of 
squint in family. 

Examination of fundus: No pathology; albinotie type. 


44.0 
Refraction: R. 


Degree of deviation: Oct. 4, 1923, 28° in each eye. 
Oct. 20, 1928, 25° with glasses; 
30° without. 
Nov.. 9, 1923, 29° without glasses. 
Operation: Nov. 15, 1923, each external reetus muscle was 
shortened 915 mm. 
Muscle pull with scales at operation: R 75 gm., L 75 gm. 
Result: July 22, 1925, there is binocular vision with or with- 
out glasses. 
Remarks: This ease has normal ocular movements and is sat- 
isfactory in every way. (Fig. 113.) 


6.— George L. N. Age seven years. 

First seen Sept. 3, 1926. 

History: Eyes have crossed since the age of rear. 
Type of squint: Alternating. 


Refraction: R. 


Reo ie) Q gs Ve 6/9 
LRO VSe6% 


Full correct rdered. 
Degree of deviation: œe)” 3, 1926, either eye 30° inward. 
: pt. 10, 1926, either eye 29° under 


o atropin. 


Sept. 29, 1926, either eye 27° with 
Operation; e» 7, 1927, recession of the internal rectus of 
4 my $ done, and the external rectus was shortened 


glasses; 29° without glasses. 
(T w 


Resuli Feb. 7, 1927, the eyes are straight; and there is sec- 
grade binocular vision with or without glasses. 

Cys: This child’s fusion is not well established and at 

times the right eye will deviate a slight amount either in 


SS or out. If he had been operated upon two or three years 


sooner he would have attained binocular vision much 
more readily. He is stil having his fusion trained. 
(Fig. 114.) 
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Case 7.—L. L. Age nine years. 

History: Left eye was noticed to cross at times when three 
and one-half years old. By the time she was four and 
one-half years old it was crossed most of the time. How- 
ever, the right eye would turn at times. 

Type of squint: Alternating. 


42.0 | +2.37 
Refraction: R. 20) E (9.97 
R 42.0 V. = 6/6 
L.-2:50 V. — 6/5 


Tropometrie reading: Normal. 
Degree of deviation: R 30° at each of several measurements ; 
L 30°, and also turned up 6°. 
Operation: Oct. 10, 1910, the left external rectus was short- 
ened 1015 mm. 
Result: There is binocular vision with glasses. Hyperphoria 


is reduced to 2° 


Later deviation: Jan. 15, 1926, the eyes are still straight with 
glasses, but have a tendency to cross when excited and 


glasses are off. 


Jan. 16, 1926, there is 24? of esophoria xn she 
was able to overeome with glasses and ret Kr ocular 
vision. Q) 

Operation: Jan. 17, 1926, the right external fits was short- 
ened 915 mm. 

Result: March 1, 1927, there are 6° KO Phoria andseds^ol 
right hyperphoria; and patient Ww without glasses on 
the street, has binocular vis} Nui distances, and is 
perfectly comfortable. 

Remarks: This case illustratedine wisdom of the teaching of 
Valk, when he advised 0] ing on eases of strabismus in 
which the defect is gorr®fted by glasses. This is also 
praeticed by Kearn Q) Practically all of these cases 
would be better o their excessive convergence were 


relieved by a Se 


Many writers cons Yat binocular vision is seldom secured in 


* 


(0) 


alternating squint, b is has not been my experience. If seen early, 
the alternating Capes are rather more hopeful, as, the visual acuity and 


the retinal S ey ng about the same, they fuse the more readily. 


Case SQ S. Age five years. 
NS *seen April 19, 1922. 


Story: Eyes have crossed since the age of two years. He- 


SY redity: father is eross-eyed. 
XO Type of squint: Monolateral; right eye fixing. 
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e 41.75 42.50 


E 
Retinoseopy: R. | 13.0 


A 


V4 x 


R 42.0 724.50 ey ax 105° NM 0/9 
L42.50:74.50 ey ax 90° V = Ty 
Degree of deviation: April 19, 1922, 40? in R or L. 
April 25, 1922, 48° R or L under atro- 
pin. 
Nov. 25, 1923, 49^. R or L. 
Operation: Dee. 12, 1923, each external rectus muscle was 
shortened 12 mm. 


Fig. 115.—Case 8. POE treatment. 
Muscle pull with ER R 80 gm., left 75 gm. 
Result: Nov. 4, 1926, Qu are 5? of exophoria and 44° right 

hyperphoria. Qyocular vision and aeuity is now 6/6 in 
each eye. 
Remarks: 1 edity did not prevent this child from se- 
curing lar vision. (Fig. 115.) 
Case 9.—Mu O Age seven years. 
First skenJDec. 19, 1925. 
Histery: Eyes have crossed since one year of age. No his- 
E y of squint in family. 
NS of squint: Monolateral; left eye fixing. 


* | 49.95 "5D 


| SS ieinosopy: Mus au E 19.15 D: 
EN 
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bo 
bo 
On 


R 42.25 774.50 ey ax 90? M — 6/60 
L 41.25 — +.62 ey ax 90? V — 6/6 
Degree of deviation: Dee. 19, 1925, 19? internal deviation R 

eye. 
Mar. 27, 1926, 20? internal deviation R 
eye. 
May 17, 1926, 19? internal deviation R 
eye. 


Operation: May 17, 1926, this ease was operated upon by Dr. 
Jameson of New York, who did his recession operation. 
(See Fig. 116.) 

Result: There are 3 or 4 degrees of internal deviation with- 
out glasses. 


Fig. 116.—Case 9. Before and mm 
Case 10.—Fred H. Age sixty-four "CN 
First seen Aug. 7, 1926. 


History: Left eye has Powe since childhood. No his- 


tory of squint in fa 
Type of squint: Di Ra monolateral; left eye deviating. 
Refraction: R 41.0 BN 259 


ced to counting fingers at three feet. 


Degree of deviaNgyf Aug. 7, 1926, L eye 30° out and 5° 
* 


L 
"a 
down. 
O Aug. 13, 1926, L eye 29? out and 5? 
down. 


Oper: QN Aug. 14, 1926, recession of 5 mm. of the external 
NN Sa 
e. 


i nd 8 mm. of shortening of the internal rectus were 


NU Satisfactory ; the eyes are practically parallel. (See 
SS Fig. 117.) 

Qa 
x 
S 
N 
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Remarks: In eases of this character a tenotomy of the ex- 
ternal reetus would in all probability give as good results 
with much less traumatism. 


Case 11.—L. B. M. Age thirty years. 
First seen Oet. 8, 1926. ! 
History: Eye began to turn out about ten years before and 
has steadily become worse. 


Type of squint: Divergent, monolateral. 


Refraction: HR. 41.0 << +.25-cy ax 90° Mess s | 
L 41.5077 +.25 ey ax 75° V=6/6 +1 


| 


Fig. 117.—Case 10. Se and after treatment. 
Tropometri¢ reading In Up Out Down 
NM 50 35 60 50 
Q) 40 35 60 50 
Degree of INN n: L eye diverges 26° on looking at dis- ! 
tance; pp 315 inches. 


).. 31, 1926, complete double external tenotomy 
ne. 


Operation : 
was 
+ r7 rZ : Q 2 
Re: Feb. 27, 1927, pp 1s 194 inches; there are 6 degrees of 
Q ophoria for distance (Maddox rod); a 6 degree prism 
^ v corrects lateral movements and a 2 degree prism corrects 


NY the vertical deviation. The patient is comfortable and 
NY satisfied. 


*Stevens has given as normal for tropometrie reading: 
Up Down In Out 
9d 50? + 48 to 53? 48 to 53? 


Case 


Case 


n2 
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Remarks: If this case had had a tenotomy of the left exter- 
nal rectus with a resection of the internal rectus of the 
same eye at the same time, the ultimate results would 
have been more nearly perfect. This was explained to 
him before operating, but inasmuch as his duties would 
not permit of the extra loss of time required to do an 
advancement, he chose the tenotomies. 


Age five years. 

First seen June 11, 1921. 

History: Left eye turned in at times during the past year. 
It is now turned in most of the time. 

Type of squint: Monolateral; left eye deviating. 


| +3.50 | +3.7 

^0 at} > 3 

Refraction: R. l ore. L. “475 
R +3.50 7+ +1.0 ey ax 95° ees 
L 48. BUS 41.25 ey ax 85? V = 6/6 
Full correction ordered. 

Tropometrie reading: Normal. 

Ophthalmoscopic findings: Negative. 

Degree of deviation: L eye 15° inward. 

Fusion: Binocular vision (with glasses). 

Nt glasses 


Result: Aug., 1922, there were 12° of esophoria. 
eo 


Dec., 1926, there were 2° of esophopwXith glasses. 
Remarks: If this case had been neglectedXshe would in all 


probability have developed a permaen squint with the 
loss of vision in one eye, and it Q have required an 


operation to relieve her deform JI could report num- 
bers of such eases. 


13.—Aliee C. Age four and o Kar years. 

First seen June 10, 1921. O 

History: Right eye has t(gfged during the past week. This 
came on suddenly. 


Type of squint: N N al; right eye deviating. 
+2.25 +2.25 


Refraction: om 44.0 I 43.50 


< R 42.2 i 41.75 ey ax 90° V 26/9 


1235 (2 +1.25-¢y ax 90° Neth 9 
EM (9, combined with the above cylin- 


SS ders were ordered. 
j)ometrie reading: Excessive convergence in each eye. 


N pesut: The deviation disappeared under a few treatments of 


fusion training, the use of glasses, and general tonies. 


Jg 
S 


S little danger and discomfort that it will remain a favorite 
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Remarks: The attached photograph shows the results ob- 
tained. This is what early care can do for these cases. 
(Fig. 118.) 


Case 14.—M. B. Age twenty-nine years. 
First seen April 23, 1923. 
History: Suffers from frequent headaches and a drawing sen- 
sation in the eyes. Right eye has a tendency to turn 
when she is tired. She has noticed this for the past year, 
and the condition is getting worse. 
Type of squint: Intermittent, divergent; right eye deviating. 
Refraction: R 4.25 (74.25 cy ax 45° V == 676 
L +.25 — +.25 ey ax 90° A5 
Degree of deviation: 26° of divergent squint; pp 2 inches 
on effort. 


b. 


Fig. 118.—Case 13. K 


Operation: July 25, O of each external rectus was 
performed. 
Result: July 
tance; M 


after treatment. 


30, , there were 8? of esophoria for dis- 
a 7, 3° exophoria for distance. 
Tropometrie 7 ig: March 2, 1927, normal. Patient com- ! 
forta 
hemarkà: The effect of tenotomy of one or both of the exter- 
ng] ré@ti is usually very satisfactory, where the deviation 
«Mt higher than 25 to 28 degrees, provided there is good 
OQ nverging power present. If there is a deficient con- 
vergence an advancement or resection is always indicated. 


© ? à A ENG 
NN In fact, the ultimate result is usually more satisfactory 
NS when a proper resection is done, but a tenotomy of the 


external is such a simple procedure and fraught with so 


procedure. 
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Case 15.—B. E. Age fifty years. | 
First seen May, 1922. 
History: Left eye has turned in since childhood following a 
fall down the stairs. 
Type of squint: Internal, monolateral; left eye deviating. 
Fixation: Good in each eye. 
Degree of deviation: Left eye 38° in. 
Refraction: R 41.75s V = 6/6 
L 43.50s V = 6/12 
Tropometrie reading: Right eye, normal; 
is Upa Downs in Qut 
30 50 65-^ 20 
Muscle pull with scales at operation: L internus 128 grams. 


Fig. 119.—Case 15. Before : 


Operation: Aug. 11, 1922, th internus was exposed and 
lateral ineisions made Q re mmended by B. Harman (see 
chapter on The Opera Treatment of Strabismus), until 
the pull was WO e erams. Each externus was then 
shortened 10 ES e brace used. The accompanying 

picture speaks SW Ce (This operation was performed 
under etheg ig 119.) 


Remarks: Ts 
accura “surements, where the patient is under Er 
{ notwf seeping the fact that Landolt, Wells, Meller, 
al., that no one ean secure definite results by any 
e amount of shortening. 


ise illustrates what can be done by means of 


Case SS . Age twenty-one years. 
wt seen May 21, 1921. 


History: Right eye turned out since five years of age. The 


| SO right eye is used only when the left eye is covered 
C ‘ype of squint: Divergent, monolateral; R eye deviating. 


STRABISMUS 


Fixation: Good in each eye. 
Degree of deviation: July 12, 1921, R 35° out; L 38° out. 
Aug. 4, 1921, R 40° out; L 39° out. 
Aug. 9, 1921, R 40° out; L 40° out. 
Operation: Aug. 16, 1921, each internal rectus was shortened 
11 mm. (No tenotomy of external.) 


Refraction: R. 1 zeli. 


Fig. 120.—Case 16. Before and «OQ atment. 


(Sept. 12, 1921) 
Roc OX 80° V — 6/30 | 
hee 450 = AN CY ax 150° Wiss 6761 
Result: March 2, 1927 O e are 6° of exophoria and 2° of 

left Lees A 


Tropometrie readir Out Up Down 
(Same E <4 2 20 60 
53 20 58 | 
Remarks: NA. M m what ean be accomplished by 


f the interni without tenotomy of the externi. 
how nearly normal the tropometrie reading is. 


jg. 120.) 
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refraetive media of, 97 
refraetive surfaces of, 97 
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False orientation, 121 i 
Far point (punctum remotum, P. R. 
or R), 94 
Fixation, 100, 133, 13 
binocular, 133 
field of, 100 
monocular, 133 < 
of deviating eye, x 
Focus, 97, 
conjugate. 
first princifgl x97 


second p al, 98 
| Folding, %& g, or tucking operations, 


95. 202-206 
's, 204-205 
205 4 
Necker’s, 203 
Lagleyze’s, 303 


Diplopia (crossed, homonymous, oy objections to, 206, 214 


vertical), 121, 124 
Directions, 88, 124 
diagnostic, 88, 124 
diagonal, 88 
Disjunctive movements, NY 


convergence (see NS QI 92 
divergence, 92 


Divergence, 136 
excess and insuffięiendy, O' 
in lateral F ante vertical plane, 


Divergent re AS S, operative treat- 
for, 214 


Dot test, Cy 
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yphtralmologists, 143 
prents, 142 


physicians, 142 
teachers, 142 


Suffa’s, 203-204 
| tendons with special instruments, 205 
Fourth, or trochlear nerve, 71 
Fovea centralis, 98 
Fusion (see Binocular vision), 136, 137, 
158, 163, 166 
age for fusion training, 163 
antipathy to, 166 
determination of degree of, 136-137 
faculty of, 137 
theory of, as etiologic factor in stra- 
bismus, 26, 27, 28, 39-43 A 
training, 163 
tubes, 158 
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Glasses, 21, 26, 27, 138, 142, 145 * 
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preseription of, 138, 145 
use) of. bor cure strabismus, Paks D 
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Gnomon, 146 | 
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Head, planes of, 76-78 
tilting, 121 

Heredity, 17, 57, 132 
Hering drop test, 157, 
Heteronymous images, 
Heterophoria, 55, 118 
Heterotropia, 104 
Homonymous images, 121 
Horizontal, or transverse axis, 
Hypermetropia, 26, 53-54 
Hyperphoria, 32 | 
Hypertropia, 104, 178, 215 


151 
121 


82 


I 
Illustrative cases, 218-230 
Images, 104, 121, 125, 126, 156 
heteronymous and homonymous, 121 | 
in paralysis of the ocular muscles, 124, 
125, 129 
repulsion of, 156 
tilting of, in ocular paralysis, 
Inferior oblique, anatomy of, 67 
physiology of, 84 
Innervation of convergence, 26, 91 
Internal rectus (rectus medialis), 
atomy of, 
physiology of, 83 
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an- 
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Measurement of strabismus, 108 
angular, 110-117 


degree of deviation at different dis- 
tances, 168 
linear, 109 
subjective, 117 
tangent, 113 
Meridians, 80 
Mirror test for binocular fixation, 134 


Miscellaneous theories of the etiology of 


strabismus, 32, 51, 52 

declination, 32 

Duane's, 51 

van der Hoeve's, 51-52 
Monoeular fixation test, 133 
Motions, center of, ocular sphere, 80 
Movements, 87, 88, 120, 134 

binoeular, 87 

conjugate, 88 


disjunetive, 88 
limitation of, 120 
of each eye, 134 
Muscles, ocular, 17 
actions of, 82, 84 
anatomy of, 59-67 
arterial supply, 69, 
ciliary, 68 
insertions of, 
nerve supply. 
of the iris, 69 
physiology of, 83-84 
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67 
70 


Isolated paralysis, 123 pull of, 197 
Ivory balls, 136 transplantation of insertjfi , 206 
Muscular theory, 28-33 AN 
K Myasthenia, 127 
Myotomy, 23-25 Q 
Katotropia, 104 
L i ; 
Near point PED 93-94, 106, 
Lagging of paralyzed muscles, 124 ) 
Lateral rotaters, 88 Nerve 90-91 
Lens, 96 M 
conjugate foci of, 96 Sgen? d rin (OE: 
convex, 96 N Sere: theory, 28, 44-50 
foci of, 96 N Medication. 156, 166 
Lesions in ocular paralysis, 126 Nonoperative treatment of strabismus, 
basal, fascicular, nuclear, orbital Qy 142 
radicular, and supranue se 
als 
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Light, 96, 101 
refraction of, 96 
sense of color, 102 
stimulus, 102 


Limitation of d 


Linear strabismome ri ski, 
Hir SN a nd Lawrence, 


109 


Listing’s plane, RY 
Location of «tl són in ocular paraly- 


SU 


itea, 98 
'rabismus), 


17, 146 


Ocular motions (see Motions), 80 
Operation for old paralysis of external 


rectus, 190 
of choice, 214 
Operations, 18, 22, 23, 24, 25, 174 (see 
Strabismus, treatment, op- 
erative) 
for paralytie strabismus, 128, 190, 206 
for slight degrees of strabismus, 202 


for strabismus, 174-215 
classification of, 174 
historical, 18, 22, 23, 24 
transferring actions of the muscles, 
206 


transplanting tendons, 206 
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Operative treatment of strabismus (see 
Strabismus, treatment, op- 
erative), 168 
Ophtha'moplegia, 127 
Ophthalmoseopie study, 140 
Opposition to the muscular theory of 
strabismus, 33 
Orbit, 21, 59-70 
anatomy of, 21, 59-61 
angles of, 62 
arterial supply, 69 
contents of, 63 | 
measurements of, 59-63 
venous supply, 70 
Orbital paralysis, 127 
Orthophoria, 118 
Orthoptie treatment (see Nonoperative 
treatment of strabismus), 
168 
Overaeting internal rectus, 197 
Overcorrection from operation, 199 
with glasses, 138, 146 
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Padding to inerease visual acuity, 19, | 
21, l4! | 
Paralytie strabismus, 104, 120 | 
age at occurrence, 122 | 
congenital, 127 
deviation, 123 | 
diagnosis of, 123 
of difficult cases, 126 
diplopia, 124 
etiology, 126-128 
head tilting, 121 
isolated paralysis, 123 
lesions in ocular paralysis, 126 
loss of movements, 124 
operations for, 128, 190, 206 | 
paralysis of accommodation and con- 
vergence, 126 


prognosis of, 128 | 
rules for detecting the paralyzed KI 


muscle, 124 
tilting of the double images, 126 


treatment of, 128 
Paresis, 120 
Partial tenotomy, 25, 181 


central buttonhole, 18 Q 
classification, 181 
curb, tenotomy, 20 NN 
Harman’s, 183 

opinions concegnin 811182, 184 
Stevens’, 182 

Todd’s. 18 


Verhoef, wf 
Patient, co NE. of, 170 
Perimetey ©) 119 

er 117 


ometer, 137 

iySWologie diplopia, 100 

iysiology of the muscles of the eye, 76 
f the retina, 99 

f vision, 96 
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Planes of the head, 76-78 

Poles of the eye, 79 

Prescription of glasses, 138, 145 

Primary axis, 81 
deviation, 120, 124, 134 
position, 81 

Prognosis in ocular paralysis, 128 
of strabismus, 131, 133, 136 

Pull of muscles, 197 

Punctum proximum, 93, 94, 106, 136 
remotum, 93, 94 


Reaching test, 121 
Recession operations, 207 
Colburn’s, 208 
Jameson's, 208-210 
Wilkinson’s modification of Jame- 
son’s operation, 211 
Rectus inferior, 66, 83 
lateralis, 66, 83 
medialis, 65, 83 
superior, 66, 83 
Reefs (Harman, Savage, Valk) (see 
Folding and tucking opera- 
tions), 25 
Refraction, 138 
Refractive indices, 97 
Regard, field of, 77 
line of, 76 


plane of, 77 
point of, 76 
Repulsion of imag Wo 


Resection operati 25, 192 
Blanco’s, 4Q3 


Noyes’, 
Prine 


192 
197-202 


scopy, 138, 145 
raction of carunele, 181 
syndrome, 198 

Riekets, 145 

Rotation of the eye, 82, 89 
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Sagittal axis, 82 
Seales, 198 
Seleral stitch, 181, 187, 195, 215 
Sereen tests, 117, 119 
Single suture advancements, 185-186 
Sixth, or abducens nerve, 72 
Sphere, movements of, 80 
Stereographs, 155, 162 
Stereo-optometer, 163 
Stereoscope, 27, 137 

Brewster, 154 

Holmes, 154, 165 

Landolt, 156 

use of, after operation, 165 

Wells, 163 

Wheatstone, 153 
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Strabismometer, 110 
Strabismometry (see Measurement of 
strabismus), 109 
Strabismus, accommodative, 135 
age when first seen, 143 
age when strabismus begins, 43 
brace, 197, 198, 201 
chart, 139 
comitant, 104 
duration, 131 
etiology of, 28 
acute illness, 56 
amblyopia, 55, 136, 173 
anomalies, 107 
congenital, 131 
contributing causes, 53 
convergence excess, 51, 136 
insufficiency, 51 


declination, 32, 56 


diplopiaphobia, 52 
divergence excess and insufficiency, 
51 
flightstrabismus, 52 
heredity, 17, 57, 132 
hypermetropia, 26, 53, 54 
injury at birth, 57 
miscellaneous causes, 57 
nervous instability, 50 
paresis, or paralytie lesions, 45 
rickets, 145 
shape and structure of the orbit, 56 
examination of a ease of, 131 
measurement of the deviation, 108- 
138 
ophthalmoscopie study, 140 
refraction, 138 
retinoscopy, 138, 145 
tests (see Tests) 
mask, 17, 146 
measurement of, 108 
noncomitant (see Paralytie strabis- 
mus), 120 
outgrowing of, 142-143 
paralytie, 104, 120 
theories of etiology of, 28 


Strabismus, operative advancements— 
Cont’d 
single suture, 185-186 
tendon splitting, 184, 204 
check ligament operations, 207 
classification of operations, 174 
condition of patient, 170 
definite method of operating, 199 
definite operative measurements, 
211-212 
for divergent strabismus, 214 
for paralytic strabismus, 128, 190, 
215 
object of, 168 
recessions, 207 (see Recessions) 
resections, 192 (see Resections) 
tenotomy, 18, 22, 23, 175 
complete, 175 
open, 175-176 
subeonjunetival, 176-177 
complications following, 180 
contraindications, 179 
indications, 179 
methods for controlling, 181 
of obliques, 179 
of rectus externus, 178, 214-215, 
226 
inferior, 178, 215 
internus, 1/5, 177,179 
superior, 178, 215 
partial, 181-184 
central buttonhole,q 184 
classification of,gh& 


eurb, 208 
opinions co pic, 181-184 
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procedures ipcrease effect, 
181 

scleral s 
transfery 


t81, 215 
uctions of muscles, 
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trai Wing tendons, 206 
id on whom to operate, 
70-174 


When to begin treatment, 142 
es of, 104-107, 132-133 


accommodation, 28, 35, 38 $ ečtive measurements, 117 
d OQ § í S®normal accommodation, 94 
fusion, 28, 39 S ; 5 S , 
miscellaneous, 32, 51-52 DEPO: 166 2 

Sutures, 181, 187, 195, 201, 206 


muscular, 28-31 
nervous, 28, 44, 50 
time needed to cure, 142 NO 
treatment for, NN 
constitutional, 144 O 
nonoperative, 142 
atropin, 26, 138, N42 148-149 
exereises, 142, 
fusion trai} Coli 
glasses, 2 NC 42 
paddin 
operati 


adyau nts, 24, 25, 184 (see 
dvancements ) 


ular advancement, 25, 207 
folding, reefing, or tucking, 25, 


202 
‘XO resection advancements, 202 


Critehett, 201 
guy, 206 
seleral, 181, 187, 195 
T 
Tangent strabismometer, 113 
Tape (Holzer-Priestly Smith and Priestly 
Smith), 114, 115, 119 
Wilkinson's modifieation of, 115 
Tendon folders (Bruns, Clark, Greene, 
Harman, Maxwell, Todd). 
205.206 
splitting advancements, 184, 204 
O’Connor’s, 204 
Schwartz’, 205 
Valude's, 184 
tueker, 206 
of Zinn, 66 
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Tendons, insertions of, 67 
Tenon’s capsule, 73 
Tenotomy, 18, 22,223; 17 
complications following, 180 
contraindications, 179 
historieal, 18, 22, 23 
Delpech’s tenotomy of Achilles ten- 
don, 21 
Dieffenbach’s, 22 
Liston'?s, 22 
Lueas’, 22 | 
Mackenzie’s, 24 | 
Pauli ’s, 22 
Stromeyer’s, 22 
White's, 22 
indieations, 179 
methods of controlling, 181 
operations, 175 
complete, 176-177 | 
Baymen's, 17¢ 
Critchett’s, 176 
Guerin’s, 176 
Mackenzie’s, 23 
Meller’s, 177 
Snellen’s, 176 | 
Von Arlt?s, 175 | 
Von Graefe’s, 24, 176 
Harman's, 183 
partial, 181-184 | 
procedures to increase effect, 181 
Stevens?, 177-182 
Todd’s, 183 
Verhoeff ’s, 182 
Tensor choroideae, 68 
Tests, bar-reading, 151 
binocular fixation, 133 
vision, 150 
Bjerrum curtain, 124 
diaphragm, 158 
dot, 137, 150 
excursion, 124 
Hering drop, 137, 151 
ivory balls, 136 
mirror, 134 


monocular fixation, 133 
phorometer, 118 O 
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reaching, 121 


screen, 117 


types, 136 Qy 
Third, or oculomotor nerve, O 


INDEX 


Tilting of the double images in ocular 
paralysis, 126 
Training of binocular vision, 149 
by whom, 167 
method of, 153, 167 
Treatment of strabismus (foreword), 141 
(see Strabismus, treatment 
of) 
constitutional, 144 
educational, 142-143 
nonoperative, 142 
operative, 168 
Tropometer, 135 
Tropometrie reading, 226 
Tuckers, 202 
Tucks (Bishop, Briggs, Bruns, Clark, 
Todd), 202 
Tuniea innominata, 73 
Tuniea sexta, 73 
Types of strabismus, 104 
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Vertical axis, 82 
Vertigo, 122 
Vision, 96, 100-103 
field of binocular, 100 
physiology of, 96 
theories of, 101 
chemical, 102 
Eldridge-Green, 102 
electrical, 103 


Ladd-Franklin, 10: 
mechanical, or rgedgWular, 102 
Schanz, 103 


Young-HelndpN; 102 
Visual acuity O | 
determi n ofta 36 ' 
to incas», 19, 21, 147 
Viney 22 
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ening abnormally short muscles, 184 
ien to operate, 108, 170 
Whom to operate upon, 108, 170 
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Zonula of Zinn, 94 


